








New Pasture Species



Grass-Legume Mixtures for Coconut Plantations in Bali

LK. Mendra*, LK. Rika*, L.M. Suarna*, I.W. Kaca*, B.F. Mullen,T
and W.W. Stiir®

BALF'S cattle herd has increased steadily over the past
ten years to reach 485000 head in 1993. Some 49000
head were marketed in 1993 with the majority of off-
take being sold into Java. However, poor quality and
weed-infested coconut pastures are limiting the
potential of Bali’s important cattle industry (Rika et
al. 1991). Appropriate forage species are needed for
smallholders which establish readily (preferably by
vegetative means), are tolerant of heavy cutting/graz-
ing regimes and strongly resist weed invasion (Stiir
and Shelton 1991). Persistence and productivity
under shade and adaptability to either cutting or graz-
ing systems are also desirable.

A wide range of grass and legume forage species
and accessions was evaluated by Rika et al. (1991)
under a heavy cutting regime in single plot experi-
ments. Whilst the experimental design enabled a
large number of species to be evaluated with relative
ease, paddock variables such as competition effects in
mixed pastures, palatability and tolerance of physical
damage from grazing cattle could not be studied.
Large-scale grazing trials are expensive so that the
number of species combinations able to be tested was
limited. The plot trials reported were therefore an
intermediate phase of evaluation. The experiments
aimed to evaluate the performance of grass—legume
mixtures over a two-year harvest period for persist-
ence, yield, grass—legume balance and susceptibility
to weed invasion. This paper summarises the results
from these experiments.

Materials and Methods

The most promising species from the preliminary
small plot experiments (Rika et al. 1991) were evalu-
ated in grass-legume mixtures in grazed plots
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(Experiment 1) (Table 1). To ensure that useful spe-
cies were not missed, a wider range of species was
sclected and evaluated in grass—legume mixtures in
small, cut plots sown with a common legume (Exper-
iment 2). Experiment 3 used three grasses sown in
combination with five legume species (Experiment 3,
Table 1).

The trial was situated at the Udayana University
research farm at Pulukan, Negara, 60 km west of
Denpasar. The climate is humid-tropical with a dis-
tinct, three-month dry season and annual rainfall of
2100 mm. The coconut plantation was approximately
45 years old with 60% light transmission.

Results and Discussion

Results from the two-year sampling period are sum-
marised in Table 1. Dry season yields were the lowest
in all experiments.

Experiment 1

Average yields increased slightly in year 2 (data
not presented), in contrast to Experiments 2 and 3.
The explanation for this was not obvious but may be
related to a higher residual leaf area under the grazing
regime utilised in Experiment 1. Legume yiclds were
also higher in Experiment 1.

The native pasture treatment had the lowest average
annual yield. This treatment was dominated by annual
grasses, Imperata cylindrica and broad-leafed weeds
such as commonly occur in plantation situations
throughout Bali (Rika et al. 1991). The Paspalum
malacophyllum treatment was the highest-yielding,
exceeding the native pasture treatment by 64%. It
maintained green leaf long into the dry season and
grew back rapidly at the break of the season. P.
malacophyllum has an erect growth habit well suited
to the cut-and-carry feeding system, however, it com-
bined very poorly with legumes. Nitrogen fertilised
Stenotaphrum secundatum Vanuatu (buffalo couch),
was similarly high-yielding, but yield declined by
20% in year 2 (data not presented). The Paspalum
dilatatum and S. secundatum Vanuatu + Calliandra



Table 1.  Species combinations, average DM yields and percentage legume contributions for experiments 1, 2 and 3.

Species mixture DM yield  Legume contribution
(Vha/yr) (%)
Experiment 1
Native forages 11.4 0
Native grasses + Arachis mixture ® 13.5 18
Stenotaphrum secundatum Vanuatu + Arachis mixture 13.6 14
Stenotaphrum secundatum cv. Floratam + Arachis mixture 14.1 16
Paspalum notatum CP1 11864 + Arachis mixture 13.6 14
Paspalum malacophylium CPl 27690 + Arachis mixture 18.6 6
Paspalum dilatatum + Arachis mixture 15.8 12
Stenotaphrum secundatum Vanuatu + Calliandra calothyrsus 15.9 14
Stenotaphrum secundatum Vanuatu (nitrogen fertilised) 18.5 0
Experiment 2
Paspalum malacophyllum CP1 27690 + Arachis pintoi cv. Amarillo 15.3 6
Paspalum wettsteinii + Arachis pintoi cv. Amarillo 14.8 4
Brachiaria humidicola cv. Tully + Arachis pintoi cv. Amarillo 16.3 10
Panicum maximum cv. Gatton + Arachis pintoi cv. Amarillo 15.4 3
Digitaria milanjiana CP1 59775 + Arachis pintoi cv. Amarillo 17.7 3
Stenotaphrum dimidiatum + Arachis pintoi cv. Amarillo 15.6 9
Axonopus compressus (local) + Arachis pintoi cv. Amarillo 11.3 19
Paspalum notatum CPI 11864 + Arachis pintoi cv. Amarillo 12.4 12
Stenotaphrum secundatum Vanuatu + Arachis pintoi cv. Amarillo 14.1 13
Paspalum notatum cv. Competidor + Arachis pintoi cv. Amarillo 10.7 25
Digitaria smutsii + Arachis pintoi cv. Amarillo 13.8 14
Brachiaria decumbens cv. Basilisk + Arachis pintoi cv. Amarillo 14.1 14
Experiment 3 \
Paspalum malacophyllum CP1 27690 + Teramnus labialis 17.2 ‘ 4
cv. Semilla Clara
Paspalum notatum CP1 11864 + Teramnus labialis 13.3 3
Stenotaphrum secundatum Vanuatu + Teramnus labialis 15.3 3
Paspalum malacophyllum + Desmodium heterocarpon CIAT 13119 15.8 3
Paspalum notatum + Desmodium heterocarpon 15.0 1
Stenotaphrum secundatum + Desmodium heterocarpon 17.7 3
Paspalum malacophyllum + Arachis pintoi cv. Amarillo 15.3 7
Paspalum notatum + Arachis pintoi 12.4 12
Stenotaphrum secundatum + Arachis pintoi 14.1 13
Paspalum malacophyllum + Arachis glabrata CP1 93483 16.5 8
Paspalum notatum + Arachis glabrata 15.1 17
Stenotaphrum secundatum + Arachis glabrata 17.4 16
Paspalum malacophyllum + Desmodium ovalifolium CIAT 13089 15.6 1
Paspalum notatum + Desmodium ovalifolium 14.2 4
Stenotaphrum secundatum + Desmodium ovalifolium 13.9 1

4 Aruchis mixture: A. pintoi, A. repens and Arachis sp. CP1 93483
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calothyrsus treatments were also high yielding. Yields
of legume-based buffalo couch treatments and P.
malacophyllum increased in year 2, whereas yields of
nitrogen fertilised buffalo couch, P. dilatatum and leg-
ume supplemented native forages declined by an aver-
age 14% in year 2 (data not presented).

Vanuatu buffalo couch spread more quickly than S.
secundatum cv. Floratam due to the comparatively
short internodes of cv. Floratam. S. secundatum cv
Floratam may be of superior nutritive quality how-
ever, as it remained vegetative throughout the experi-
ment, whereas the Vanuatu ecotype flowered over
extended periods.

Treatments maintained reasonable legume con-
tents throughout the experiment, with the exception
of P. malacophyllum. In Experiments 2 and 3, the
year 2 legume contents of buffalo couch and

Paspalum notatum treatments were low (data not

presented). This disparity may be related to extra
residual leaf area under the grazing regime of
Experiment 1. Arachis pintoi cv. Amarillo was the
most productive of the Arachis species, however ini-
tial establishment and subsequent yields of A. gla-
brata and A. repens were poor. A. glabrata spread
steadily over the experimental period whereas cv
Amarillo did not. Arachis species combined well
with all grasses except P. malacophyllum, possibly
due to its erect habit.

C. calothyrsus was the highest yielding legume in
year 2, increasing its yield from 1.5 t/ha in year 1 to
2.4 t/ha in year 2. No mortality of C. calothyrsus
occurred during the experiment, however, in a related
experiment where grazing was poorly controlled,
Rika and Kaca (these proceedings) reported 100%
mortality. C. calothyrsus may be better suited to cut-
ting rather than grazing.

Weeds were of minor consequence, except in the
native forages control, and plots became less weedy
with time.

Experiment 2

Average total yields dropped from 17.7 t/ha in year
1 to 109 tvha in year 2, a decline of 39%. Yield
decline may be particularly pronounced for shade-
intolerant species (Shelton 1993) and initially high-
yielding species (Stiir 1991). Shelton (1993) sug-
gested that truly shade-tolerant species experienced
relatively minor yield decline over time.

Digitaria milanjiana was the highest-yielding
treatment overall but second year yield was poor.
Brachiaria humidicola was the next highest-yielding
treatment and its yield was comparatively stable. Sev-
eral initially high-yielding treatments experienced a
dramatic yield decline in year 2, including D. milan-
Jjiana, Paspalum wettsteinii, Panicum maximum cv.
Gatton and Stenotaphrum dimidiatum. Axonopus

compressus and P. notatum were the lowest-yielding
treatments.

Average legume content fell from |8 to 5% in year
2. The P. notatum cv. Competidor treatment had the
highest legume content but contribution declined
from 33% in year | to 13% in year 2. All other treat-
ments had a maximum of 7% legume by year 2. Weed
contents declincd over time with exception of the
Axonopus compressus treatment which became
increasingly weed infested.

Experiment 3

Average yields of the three grasses were similar
and all displayed excellent persistence despite minor
yield declines in year 2. P. malacophyllum was the
highest-yielding grass, although P. notatum experi-
enced the lowest yield decline.

Legume yield declined from 3.1 t/ha/yr early in
year | to 0.9 t/ha/yr in year 2. Only the Arachis spp,
and in particular A. glabrata, displayed some persist-
ence. Legume yields were generally poor in year 2
(data not presented). Weeds were of no consequence
in any treatment.

Conclusions

P. malacophyllum proved to be persistent and produc-
tive under heavy cutting and grazing treatments in
small plots. Its erect growth habit make it well suited
to cut-and-carry feeding systems. However, many of
the erect grasses are prone to weed invasion under
heavy grazing and the response of P. malacophyllum
to grazing under field conditions requires investiga-
tion. It combined poorly with a range of prostrate and
twining legumes.

Buffalo couch showed potential, being consistently
productive, quick to establish from cuttings and form-
ing a weed-free sward. Legume association with C.
calothyrsus and Arachis spp. was acceptable.

B. humidicola satisfied the majority of the desired
forage characteristics. It was productive and persist-
ent under moderate shade and cutting regimes, weed-
free in the second year, combined reasonably well
with prostrate legumes and could be planted by vege-
tative means. Its use may be limited in intensive situa-
tions as it is not well suited to cut-and-carry
harvesting.

C. calothyrsus showed promise as a fodder for cut-
and-carry systems but its suitability to grazed systems
requires further investigation. There has been great
interest in the potential of the Arachis genus over the
past 10 years. Results of the current experiment show

* that Arachis spp. are suited to heavily grazed, shaded

pastures. Both the commercial cultivar ‘Amarillo’ and
A. glabrata CPI 93483 showed most promise. These
grass and legume species should be further evaluated
in on-farm grazing trials.
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Preliminary Evaluation of Grass-Legume Pastures under
Coconuts in North Sulawesi

D.A. Kaligis*, C. Sumolang*, B.F. Mullen}{ and W.W. Stiir§

IMPROVING the productivity and quality of forage
resources for ruminants in North Sulawesi is essen-
tial to developing the cattle production potential of
the province (Sondakh and Kaligis 1991). The
shaded forage resource under coconuts currently
consists of naturalised grass and weed species of
low productivity (Kaligis and Sumolang 1991). Cut-
and-carry feeding systems are not commonly uti-
lised in North Sulawesi, with tethered and free-graz-
ing more popular.

Kaligis and Sumolang (1991) recommended for
further investigation a range of promising species
identified from preliminary small, cut plot trials, har-
vested over a two-year period. A series of ‘best-bet’
forage species mixtures was selected from this spe-
cies evaluation experiment for testing in larger plots
under grazing (Experiment 1). Supplementary exper-
iments were designed to investigate promising spe-
cies not included in the ‘best-bet’ mixtures,
including a range of grass species grown with a com-
mon legume (Experiment 2), and three grasses
grown in combinations with four legumes (Experi-
ment 3).

The experiments aimed to evaluate the perform-
ance of promising grass-legume mixtures in regu-
larly grazed or cut plots, with respect to their
persistence, yield, grass-legume balance and suscep-
tibility to weed invasion. This report details results
from the first 16 months of data and is an interim
analysis only.

Materials and Methods

The trial was situated at the Sam Ratulangi Univer-
sity experimental farm at Kayuwatu, Manado, North
Sulawesi, Indonesia. The climate is humid-tropical,
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generally with well-distributed rainfall and the soil is
a moderately fertile sandy loam. For further details
see Kaligis and Sumolang (1991). Coconuts were
approximately 35 years old and were planted in a
square pattern at 10 m spacings. Shade was estimated
to reduce photosynthetically active radiation (PAR)
to 55% of ambient.

Experiment 1 evaluated eight grass—legume treat-
ments under regular grazing in 5 mx5 m plots
(Table 1). Experiments 2 and 3 evaluated grass-leg-
ume mixtures under a regular cutting regime in 2 m
X 2 m plots (Table 1). Following a clearing cut (1
October 1992) at the end of a six-month establish-
ment period, treatments were harvested every 8-10
weeks, depending on regrowth. After harvesting, the
treatments were grazed in Experiment 1, and cut in
Experiments 2 and 3 to the sampling height of 5 or
10 cm, depending on species. Samples were sepa-
rated into sown grass, planted legumes, invading
grass and legume species and broadleafed weeds.
Harvests were grouped in periods of approximately
120 days corresponding to seasons. Data were ana-
lysed using the University of Queensland, QUASP
statistical analysis program.

Results and Discussion

Experiment 1

Yield

Treatment yields were low in the harvest period 3,
reflecting a period of lower rainfall. Most species expe-
rienced only minor yield reduction over time, however
the Brachiaria decumbens (signal grass) treatment
experienced marked yield reduction (Table 1a).

Brachiaria humidicola was the most consistent,
high-yielding grass both in combination with leg-
umes and with nitrogen fertilizer. The Paspalum
notatum treatment became increasingly productive
over time, and yield at the final harvest period was
comparable with the highest-yielding treatments.

Native forages and Stenotaphrum secundatum cv
Vanuatu treatments were low yielding over all har-
vest periods.
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Legume and weed content

The average legume contribution to dry matter
(DM) yields remained stable over successive harvest
periods (15-17%). Arachis pintoi and A. repens
yields (averaged over all relevant treatments) were
similar at approximately 1000 kg/ha/yr. Centrosema
pubescens yields averaged 600 kg/ha/yr. Calliandra
calothyrsus yielded poorly.

Native legumes C. pubescens and Calopogonium
mucunoides (calopo) steadily invaded all plots and
especially the native pasture treatment.

Weeds were of limited and decreasing signifi-
cance over the experiment (data not presented).
Legume species supplementing native forages etfec-
tively reduced weed invasion compared with the
unsupplemented native forage treatment (5% and 33
% weeds of DM respectively at harvest period 4).

Experiment 2

Yield

Treatment yields declined over the first three har-
vests but increased with the more favourable growing
conditions of the fourth harvest period. Yield of the
B. decumbens (signal grass) treatment was initially
high but declined continuously with successive har-
vests. The Seraria sphacelata treatment outdid all
other treatments over the duration of the experiment
and was least affected by dry periods (Table 1b).

Yields of P. notatum and S. secundatum cv Van-
uatu and Floratum (buffalo couch) treatments were
modest and comparable to the Axonopus compressus
(carpet grass) treatment until the fourth harvest when
the former treatments dramatically increased produc-
tion in comparison with the carpet grass treatment.

Legume and weed content

Legume yields were initially very high but declined
over time. Legumes persisted strongly in Axonopus
compressus, S. secundatum cv. Floratam and P.
notatum CPI 11864 trcatments. Legumes yielded very
poorly in B. decumbens and S. sphacelata treatments.
Centrosema pubescens (centro) was generally more
productive than Arachis pintoi cv. Amarillo
(Amarillo).

Weeds were only of significance in the carpet grass
treatment, which was becoming progressively more
weed infested (data not presented).

Experiment 3

Yield

Harvest means followed the same pattern as Experi-
ment 2. B. humidicola treatments were highest yielding
at all harvest periods (Table 1¢). Yields of P. notatum

and S. secundatum treatments at the fourth harvest
period were higher than at other harvest periods.

Legume and weed content

Legumes tended to combine more readily with buf-
talo couch treatments than with B. Aumidicola and P.
notatum treatments. Desmodium ovalifolium com-
bined with grasses more productively than D. hetero-
phyllum and both of these outyielded Arachis
glabrata and D. scorpiurus. The productivity of the
D. ovalifolium declined dramatically over successive
harvests and yields were below those of D. hetero-
phylium at the last harvest.

D. ovalifolium combined most productively with B.
humidicola. D. heterophyllum combined well with all
grasses but particularly buftalo couch.

Yields of D. scorpiurus were modest at all har-
vests and declined sharply in the fourth harvest
period. Yields of A. glabrata were modest but con-
sistent, but this species did not combine well with B.
humidicola. Weeds were of no significance through-
out the experiment.

Discussion

B. humidicola was consistently high-yielding in all
three experiments, both in combination with legumes
and with nitrogen fertilizer. Yield fluctuation
between harvest periods was minimal, and produc-
tion during the dry harvest period 3 was comparably
good. Reynolds (1988) reported B. humidicola to be
of medium shade- and drought-tolerance but very tol-
erant of heavy grazing. The contribution of planted
legumes to DM of B. humidicola treatments
decreased with successive harvests. However, the
Arachis spp., D. ovalifolium and D. heterophyllum
(hetero) combined moderately well with B. humidi-
cola. Centro and hetero have been reported to com-
bine well with B. humidicola (Evans et al. 1992).

Unlike other high-yielding grasses in the experi-
ments, the productivity of signal grass continued to
decline in the fourth harvest (Table |). Signal grass is
reported to be of medium tolerance to shaded condi-
tions (Reynolds 1988) and declining yield with pro-
gressive harvests was not unexpected, although there
was a dramatic yield decline in Experiments 2 and 3.
Signal grass was quick to smother out companion
legumes and weeds. Species diversity was consist-
ently lowest in signal grass and by the fourth harvest
these treatments contained 95% signal grass.

Carpet grass treatments in Experiments | and 2
were over-run by planted legumes and invading
grasses and weeds, and yield of the carpet grass frac-
tions declined rapidly. The planted legumes,
Amarillo and centro yielded well in these treatments,
and together with invading grasses and weeds, these



species reduced the overall treatment productivity.
Carpet grass is reported to maintain consistent, mod-
est productivity under shaded conditions (Samarak-
oon et al. 1990) but is susceptible to weed invasion
(Macfarlane and Shelton 1986).

P. notatum is widely reported as being a shade-tol-
erant grass (Stiir 1991). Both accessions planted (cv.
Competidor and CPI 11864) were slow to establish
and tended to be weed infested during initial harvests.
DM production from P. notatum treatments was com-
parable to the carpet grass treatments until the fourth
harvest when the P. notatum treatments significantly
outyielded the carpet grass treatments and weed con-
tent declined sharply. P. notatum swards at other sites
have been reported as being very slow to establish,
however the species eventually formed a dense stolo-
niferous mat which resisted legume and weed associ-
ation (I.LK. Rika, pers. comm.). This slow
establishment phase may cause this species to be
poorly accepted by smallholder farmers.

Of the two S. secundatum (buffalo couch) ecotypes
planted, the Vanuatu line was very quick to establish
in comparison to the Floratam cultivar. Floratam had
stolons with comparatively short internodes. It did
not flower at any time throughout the experiment.
The Vanuatu ecotype flowered regularly over
extended periods, undoubtedly reducing its nutritive
quality. The yields of both lines were depressed by
dense legume growth in early harvest periods and
DM yields were only slightly superior to native car-
pet treatments. However, as the grass became
strongly established, legume contribution dropped off
markedly and total DM yields increased (Table [).
Buffalo couch treatments strongly resisted invasion
by weeds and other grasses. This species has proved
to be persistent and moderately productive in Van-
uatu (Evans et al. 1992).

The S. sphacelata cv Splenda treatment out-
yielded all other treatments and was least affected
by the dry harvest period three (Table 1b). The leg-
ume cv. Centro combined with Splenda more read-
ily than did cv. Amarillo. Together these species
contributed approximately 10% to DM. Invasion by
other grasses and weeds was negligible. Splenda is
known to be tolerant of heavy grazing and shaded
conditions (Hacker and Williams 1993). It has a
high fertility requirement however, being a tussock
grass, it may be prone to weed invasion if subjected
to repeated heavy grazing.

The yield and contribution to DM of the various
legume species had not yet stabilised by harvest
period 4. Amarillo, A. glabtrata, centro, D. ovalifo-
lium and D. heterophyllum all yielded reasonably
well although their long-term persistence is uncer-
tain. The productivity of the many legume species
declined dramatically during the fourth harvest
period. Yields of the D. scorpiurus treatments were
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modest at all harvests. C. calothyrsus yielded
poorly in comparison to reports by Mendra et al.
(these proceedings).

Conclusions

Preliminary evaluations indicate that most improved
grasses significantly outyielded the naturalised grass
A. compressus by the final harvest. B. humidicola and
S. sphacelata cv. Splenda performed very well, with
high yields, moderate legume association and strong
resistance to weed invasion. Both of these species
deserve further field testing under grazing.

The shade tolerant species P. notatum and S.
secundatum ecotypes were comparatively slow to
establish, but were persistent, combined moderately
well with legumes and resisted weed invasion. Their
DM production had not yet stabilised but was
increasing. The ease of vegetative establishment of
buffalo couch ecotypes and B. humidicola make these
species more smallholder-appropriate than P.
notatum, which is reported to be very slow to estab-
lish (Kaligis and Sumolang, these proceedings).

Signal grass performed poorly in the experiment.
After successfully competing with most planted leg-
umes, yield dropped dramatically with successive
harvests. It may be expected that weed invasion
would occur at futurc harvests (Kaligis and
Sumolang, these proceedings).

Amarillo was initially high-yielding but productiv-
ity declined with time. Arachis specics were persist-
ent but of low productivity. Naturalised species
centro and calopo were very productive under the
moderate grazing regime. D. heterophyllum yielded
well with a range of vigorous grasses. D. ovalifolium
combined very productively with B. humidicola, but
less well with other species. However, the rapidly
declining yields of these two legumes over successive
harvests indicated poor persistence. D. scorpiurus
yielded poorly throughout the experiment, but com-
bined better with B. humidicola than other grasses.
Arachis repens was low yiclding, but was persistent
over successive harvests. It may be useful as onc of a
range of legumes planted in grass—legume pastures.
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Evaluation of Grass-Legume Mixtures under
Young Rubber in Malaysia

Chong Dai Thai *, Tajuddin Ismail* and W.W. Stiirt

EVALUATION of new forage species with potential to
improve animal production under plantation crop sys-
tems is important for the continued development of the
livestock sector in Malaysia (Tajuddin and Chong,
these proceedings). Two experiments were conducted
between 1988 and 1991 at the Rubber Research Insti-
tute of Malaysia (RRIM) experimental station at Sun-
gai Buloh to identify new forage germplasm suitable
for the plantation environment (Ng 1991). From the
large number of accessions (accessed through CSIRO,
Division of Tropical Crops and Pastures in Australia)
evaluated in previous work, it was clear that some
introduced forages had much higher yield potentials
than the currently used cover crops and natural species
at all light levels.

The best performing introduced species from these
experiments are currently being evaluated as grass—
legume mixtures under grazing in conventionally
planted and ‘core-stump’ planted rubber. Core-stump
rubber is raised in the nursery for 18 months before
planting. This process reduces the field time to matu-
rity by approximately 10 months. The period during
which the rubber is susceptible to damage from graz-
ing sheep is also greatly reduced. This paper reports
some preliminary results from these experiments.

Methods and Materials

Location

Two experiments are being conducted at RRIM
Experimental Station, Sungai Buloh. Edapho-
climatic information for the site is detailed by Chong
and Tajuddin (these proceedings).

* RRIES Sg. Buloh, 47000 Sungai Buloh, Selangor,
Malaysia.

¥ CIAT, Tropical Forages Program (Southeast Asia),
c/- IRRI, PO Box 933, 1099 Manila, Philippines.
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Experimental design and treatments

Randomised complete block designs were used for
both experiments. Eight forage treatments were used
for both experiments (Table 1), planted under ‘core-
stump’ rubber (raised in nursery for 18 months before
field planting) in Experiment 1 and under conventional
young rubber (3-whorl polybag plants) in Experiment
2. The species were chosen to give a mixture of grasses
and legumes for both high- and low-light conditions to
provide continuity of yield as light transmission
through the rubber declined with age.

Rubber establishment

Rubber clone RRIM 901 was planted in July 1991
at 6 m x 4 m spacings in both experiments. Christmas
Island rock phosphate (CIRP) was incorporated into
the soil at a rate of 112 g/planting hole. Routine
weeding and manuring as per standard plantation
practice was followed. Trees lost due to root disease
were replaced.

Pasture establishment

Soil infertility at the experimental site was corrected
with ground magnesium-limestone (2 t/ha), and CIRP
(0.5 t/ha) applied as basal dressing. In addition, forage
plots were fertilised with sulfate of ammonia (20 kg/
ha), copper sulfate (4 kg/ha), zinc sulfate (5 kg/ha) and
muriate of potash (200 kg/ha) at planting. The N-ferti-
lised treatment (Treatment 8) was top-dressed with 25
kg N/ha after each grazing cycle.

Species which do not produce viable seeds or for
which seed was not available were propagated by veg-
etative means. Cuttings were rooted in small polybags
in the greenhouse and later transplanted into the exper-
imental plots. Species propagated vegetatively were:
Stylosanthes guianensis CIAT 184, Stenotaphrum
secundatum cv. Floratam, Brachiaria brizantha, Digi-
taria setivalva and Panicum maximum cv. Vencedor.



Table 1.  Yield of the best-bet grass and legume mixtures in core-stump rubber.

Treatment® Year 1P (kg/ha) Year 2b (kg/ha) % reductionin  Mean annual
DM Year 1-2 yield (kg/ha)
1. P. phaseoloides (control) 6.2 34 45 4.8
2. P. phaseoloides + P. maximum 7.4 4.5 39 6.0
+ low light mixture®
3. P. maximum + Stylosanthes sp. + low light mixture 8.1 5.1 37 6.6
4. P. phaseoloides + P. maximum + Stylosanthes sp. 8.5 4.5 47 6.5
+ low light mix.
S. B. humidicola + Stylosanthes sp. + low light mix. 9.0 6.9 23 8.0
6. B. brizantha + Stylosanthes sp. + low light mix. 9.5 12.1 32) 10.8
7. D. setivalua + Stylosanthes sp. + low light mix. 8.1 4.6 43 6.4
8. P. phaseoloides + B. humidicola + low light mix. 10.6 6.6 38 8.6

(N-fertilised)

4Grass and legume species were chosen to provide early growth under higher light. A low light species mixture of Stenotuphrum
secundatum and Arachis pintoi.

PYear | May 1992-May 1993, Year 2 May 1993-May 1994

“Low light mixture = Stenotaphrum secundatum, Paspalum wettsteinii, P. notatum and Arachis pintoi.

0.8m 0.4m 04m 0.4m 0.4m 0.6m 06m 04m 04m 0.4m O0d4m 0.8m

(o] lo]
(o] (o]
[o] o
o [e]
[o] (o]
4m
(o] o]
M L M G L G L G M L M
6m

G= grass, M= mixture of low light species, L= legume, o= rubber

Figure 1. Planting pattern for pasture treatments. For the legume cover crop control only ‘L’ rows were planted.
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The conventional cover crop treatment Pueraria
phaseoloides (Treatment 1) was planted in 4 drills
spaced 1.2 m apart between rubber rows. A closer
planting pattern was adopted for the grass—legume
treatments (Treatments 2-8) (Fig. 1). Core-stump and
conventional rubber pastures were planted in October
1991 and November 1991 respectively.

To ensure that the species mixtures were relatively
pure, monthly weeding rounds were carried out.
Weeding ceased when 80% of the species mixtures
were established. Sheep commenced grazing forages
in Experiment 1 20 May 1992 (core-stump rubber), 7
months after pasture establishment, while forages in
experiment 2 (young rubber) were not grazed until 5
November 1993, two years after rubber planting.

Measurements

Forage dry matter yield and species composition
were estimated by cutting five 0.5 m? quadrats from a
cutting strip across each of the rubber interrows. Tall
growing species (P. maximum cv. Vencedor and B.
brizantha) were cut at 12—-15 cm above ground level
to induce regrowth from the base. Low growing spe-
cies were harvested at a cutting height of 5 cm above
ground level.

Plots were sampled at 6-weekly intervals from
March 1992 until June 1994 and sheep were brought
in to graze following each sampling. Tall species not
grazed down were cut back occasionally to encourage
uniform regrowth.

The effect of grazing and increasing shade on the
species changes and dry matter yield were monitored.

Results and Discussion

Experiment 1

The dry matter yields of the various treatments are
presented in Table 1. There was a decreasing trend in
overall mean yields from year 1 to year 2. Treatments
(T) 1,2, 3,47 and 8 had sharp yield reductions (more
than 35%), whereas TS had minor yield reduction and
T6 had increased yield. The yield reduction was
attributed to the drop in light transmission from 77%
photosynthetically active radiation (PAR) in Year 1
to 59% PAR in year 2.

The mean dry matter yield for T1 (P. phaseoloides)
was the lowest, while the other treatments exceeded
6.0 tha/yr. The treatments with the highest yields
were T6 (B. brizantha + Stylosanthes sp.), TS (B.
humidicola + Stylosanthes sp.), and T8 (N-fertilised
B. humidicola + P. phaseoloides).

Changes in botanical composition of the various
species combinations in the respective treatments from
harvests | to 3 are as shown in Table 2. The dominance
of grass species over the legume species was evident
for most of the treatments except for T1 and T7. The
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reduction in legume content was exacerbated by the
selective grazing of sheep for Stylosanthes sp. and P.
phaseoloides. In T7, the proportion of D. setivaiva and
Stylosanthes sp. at harvest period | was 45:50, but this
treatment was quickly invaded by weeds. D. setivalva
requires a high nitrogen regime to persist in the infer-
tile soils at the RRIM Experimental Station RRIES.

P. phaseoloides persisted poorly when planted in a
mixture with grass because it was not able to withstand
grazing pressure and was less competitive than the
grasses. The bulk of the legume yield was contributed
by Stylosanthes sp.. The low-growing shade-tolerant
species gradually increased in T2, T3 and T4 in which
P. maximum cv. Vencedor was the main grass species.

Experiment 2

The grass—legume combinations in Experiment 2
were the same as for Experiment 1. However, the
forages were not defoliated by sheep for the first 2
years. Some of the tall growing species e.g. P. maxi-
mum cv. Vencedor, B. brizantha were cut back 1
year after planting because these species were over-
grown, and had lodged over the tree rows. This cre-
ated problems in field maintenance and manuring of
the rubber trees. Poor growth of rubber was
observed as a result of stress due to competition
from the forages planted.

Presentation dry matter yields are as shown in
Table 3. The cumulative dry matter yields (Harvest 1)
were low for some of the treatments with tall growing
species (T2, T3 and T4) because these tall species
were cut-back (see ‘measurements’) and fertilizer
was not re-applied in the second year. However, the
response of species to manuring was particularly evi-
dent in treatments 2, 5 and 7.

After grazing, a rapid change in species composi-
tion, from legume dominated swards to a grass domi-
nated pasture was observed in treatments 2-8 (Table
4). In these grass dominant swards, the legume com-
position was reduced to 6-26%, while weed content
increased in all treatments (except T6) from 0 to 17%
(in harvest 1) to 13-80% (in harvests 4-5). The high-
est weed content was found in T1 (80%), followed by
T7 (60%), T8 (50%), T3 (35%) and T4 (28%).

Conclusions

The findings from Experiments 1 and 2 suggest that
improved pastures should not be planted in conven-
tionally planted young rubber plantations because of
strong competition with the rubber trees.

The planting of improved pastures into core-stump
rubber enabled earlier grazing, but the growth of rub-
ber was also slightly affected. Furthermore, under
core-stump rubber, the high productivity of improved
pasture may not be sustainable as evidenced by the



Table 2. Botanical composition of the various grass—legume treatments planted in core-stump rubber.

Treatment Yield Botanical composition (%)
(DM kg/ha) Cover Grass for Legume for Mixture for Weeds
crop high light high light low light
1. P. phaseoloides (control) 11202 99 0 0 0 1
711° 84 0 0 0 16
2. P. phaseoloides + P. maximum 1462 80 80 0 10 1
+ low low light mixture® 952 | 74 0 ” 3
3. P. maximum + Stylosanthes sp. 2218 0 67 23 8 3
+ low light mixture 1047 0 7 14 12 3
4. P. phaseoloides + P. maximum 2075 2 59 31 7 !
:-ni?ul:);amhes sp. + low light 910 0 76 9 12 3
5. B. humidicola +Stylosanthes sp. 1948 0 42 57 1 1
+ low light mixture 1338 0 64 18 2 10
6. B. brizantha + Stylosanthes sp. 950 0 48 45 6 |
+ low light mixture 2162 0 91 1 7 2
7. D. setivalua + Stylosanthes sp. 1814 0 45 50 4 1
+ low light mixture 947 0 1 s1 2 16
8. P. phaseoloides + B. humidicola 1478 0 61 30 10 1
+ low light mix. (N-fertilised) 1314 0 08 0 1 |
3Figure 1st row : Harvest period 1
bFigure 2nd row : Harvest period 3
“Low light mixture = Stenotaphrum secundatum, Paspalum wettsteinii, P. notatum and Arachis pintoi.
Table 3. Dry matter yield of the various grass—legume treatments in conventional young rubber.
Treatment Harvest 1% (kg/ha/month)  Harvest 2b (kg/ha/month)
LT® 88% LT 69%
1. P. phaseoloides (control) 379 289
2. P. phaseoloides + P. maximum + low low light mixtured 395 851
3. P. maximum + Stylosanthes sp. + low light mixture 394 654
4. P. phaseoloides + P. maximum + Stylosanthes sp. 378 667
+ low light mixture
5. B. humidicola + Stylosanthes sp.+ low light mixture 355 883
6. B. brizantha + Stylosanthes sp.+ low light mixture 1464 1135
7. D. setivalua + Stylosanthes sp.+ low light mixture 300 680
8. P. phaseoloides + B. humidicola + low light mixture 346 489

(N-fertilised)

#Harvest period 1, October 1993-March 1994

PHarvest period 2, March 1994-June 1994 (fertilizer applied at beginning of harvest period)

LT = light transmission

ILow li ght mixture = Stenotaphrum secundatum, Paspalum wettsteinii, P. notatum and Arachis pintoi.
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Table 4.

Botanical composition of the various grass—legume treatments in conventional young rubber.

Treatment Yield Botanical composition (%)
(DM kg/ha) Cover  Grass for Legume for Mixture for  Weeds
crop high light high light low light
1. P. phaseoloides (control) 14572 100 0 0 0 0
419° 20 0 0 0 80
2. P. phaseoloides + P. maximum 1620 84 8 0 0 6
+ low low light mixture®
1234 17 53 0 0 30
3. P. maximum + Stylosanthes sp. 1855 0 6 8l 10
+ low light mixture
948 0 53 3 35
4. P. phaseoloides + P. maximum 1836 10 1 0 2 2
+ Stylosanthes sp. + low light mix.
968 60 0 28
5. B. humidicola + Stylosanthes sp. 2417 0 6 77 0 17
+ low light mix.
1280 68 19 13
6. B. brizantha + Stylosanthes sp. 3780 100 0 0
+ low light mix.
1646 100 0 0
7. D. setivalva + Stylosanthes sp. 2201 0 93 7
+ low light mix.
986 0 21 26 60
8. P. phaseoloides + B. humidicola 1726 91 9 0 0 0
+ low light mix. (N-fertilised)
708 6 44 0 0 50
3Figure 1st row: Harvest Period 1
PFigure 2nd row: Harvest Period 3
“Low light mixture = Stenotaphrum secundatum, Paspalum wettsteinii, P. notatum and Arachis pintoi.
severe drop in forage production as light transmission Reference

dropped from 77% to 59% PAR in one year.

B. brizantha produced high yields in both experi-
ments but was poorly accepted by sheep. Its aggres-
sive nature raised concerns regarding its negative
effect on the growth of rubber trees. P. maximum cv.
Vencedor and B. humidicola persisted in both experi-
ments but their yields were quickly reduced as light
transmission dropped. The legume contents of all

treatments declined in both experiments.

Ng, K.F. 1991. Forage species for rubber plantations in
Malaysia. In: Shelton, H.M. and Stiir, W.W., ed., Forages
for plantation crops, ACIAR Proceedings No. 32, Pro-
ceedings of a workshop, Sanur Beach, Bali, Indonesia
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Practical Pasture Establishment under Plantation Crops

B.F. Mullen#*

NATIVE pastures under plantation crops throughout
Southeast Asia are dominated by grasses of low pro-
ductivity and quality and by weed species (Stiir and
Shelton 1991). Replacement of weed infested native
pastures with improved pastures can improve rumi-
nant liveweight gains by up to 250 % (Mullen 1993),
however the costs of pasture establishment can be
high. Techniques of pasture establishment vary
greatly between socioeconomic farming groups, but
all techniques should be reliable and cost effective.
Pastures that establish rapidly are generally less
prone to weed invasion and can be grazed earlier than
pastures that establish slowly (Evans et al. 1992).
Economic considerations often limit the degree to
which optimum establishment conditions can be pro-
vided. This paper outlines currently used methods of
pasture establishment in the humid tropics and sug-
gests alternative techniques that may be worthy of
investigation.

Pasture Establishment

Cook et al. (1993) recognised two distinct phases of
pasture establishment: (1) seed germination to emer-
gence, and (2) seedling growth and survival. Where
pastures are established using vegetative material a
two-phase model is also valid: (1) transplanting to
cutting establishment, and (2) growth and survival.
The second phase, involving persistence and spread
of pasture species, is heavily dependent on the provi-
sion of optimal conditions for phase 1. Preparation
for planting aims to remove or reduce competition
from existing vegetation for light, nutrients and mois-
ture and to ensure good seed/vegetative set-soil con-
tact (Evans et al. 1992).

Insufficient soil moisture following planting is the
most common reason for failure of newly planted
pastures in Australia (Silcock and Johnston 1993).
However, effective ground preparation (Cook et
al.1993) and in particular, removal of plant competi-
tion (Aminah et al. 1989) can improve establishment

* Department of Agriculture, The University of Queens-
land 4072, Australia.
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under low moisture conditions. Regular and reliable
rainfall in the monsoonal and humid tropics reduces
the risk of establishment failure from low soil mois-
ture. In such favourable climatic environments,
native species grow rapidly and compete strongly
with emerging pasture species. Effective ground
preparation will prevent the risk of native species
competition with seeded or vegetatively established
pastures.

Conventional Ground Preparation

The most reliable method of pasture establishment
involves conventional ploughing and harrowing to
remove all plant competition and produce a fine seed-
bed (Cook et al. 1993; Wong and Sharuddin 1981).
Deep cultivation is not required, as pasture seed is
usually planted at a shallow depth, between 10 and 20
mm (Evans et al. 1992). The objective of cultivation
is to remove existing vegetation and provide a firm
surface layer of fine soil tilth into which seed or sets
can be planted. Where machinery is used, offset disc
harrows are preferred as they handle rocks, coral and
sticks better than rotary hoes or tyned implements.
Disc harrows work most effectively cutting into short
vegetation and can be operated at relatively high
speeds (5—8 km/hr). At least two passes in opposite or
perpendicular directions are required, followed by
levelling with a heavy chain harrow. Conventional,
mechanised ground preparation is expensive and is
not suited to steep slopes prone to erosion.

Draught animals are commonly used for ground
preparation throughout Southeast Asia. Ploughs tend
to be mouldboard types designed to turn the soil over
(Sumanto et al. 1993) and specific implements for
ground preparation suitable for pasture planting are not
available. Two ploughing operations are common and
require approximately 45 working hours per hectare
(over 15 days) for the two passcs (Santosa et al. 1993).
Costs are often high and therefore cheaper alternative
ground preparation techniques are desired (Table 1).

Where possible, ploughing operations should be
performed during hot, dry weather to achieve maxi-
mum kill of existing vegetation. A time period of at



least one week should elapse before the second
ploughing is performed so that exposed vegetation
desiccates before being reburied. Such preferred
ploughing conditions do not always exist and where
continued rain follows the first pass, a decision
must be made as to whether planting should pro-
ceed or be postponed. Another common problem
encountered in pasture development under coconuts
is the constant shedding of palm fronds which inter-
fere with ploughing operations. Where fast emerg-
ing vigorous pasture species are being used
immediate planting was found to be the best option
(Evans et al. 1992).

Planting From Seed

Pasture seed can be planted by drilling with a com-
bine or direct drill planter, or by broadcasting with a
fertilizer spreader, or by hand. Hand sowing is quick
and cost effective for areas up to 30 ha. Each worker
must throw seed to cover a width of 4 to 5 m and the
paddock should be marked in 15 to 25 m wide strips
accordingly (Macfarlane et al. 1991). Teams of three
to five workers are most efficient. Sawdust or river
sand can be used as a carrier for the seed to make a
total mix of approximately 200 L by vol/ha. Experi-
enced workers can plant 1.5 to 2 ha/person/day.

Fertilizer spreaders can sow between 20 and 40 ha/
day. Sand or sawdust carrier is often used in conjunc-
tion with the spreader choke plate and tractor speed is
used to regulate the planting rate. The planting rate
should be constantly checked as humidity changes
can affect the flow rate of the seed mix.

Irrespective of the sowing technique, all seed
planted should be incorporated with a roller or chain
harrow on the same day. Rollers are more effective
than chain harrows and best of all are rollers with front
mounted chains to provide some incorporation before
roller action. In this way good seed-soil contact is

achieved. Small areas of seed can be incorporated by
sweeping the area with rakes or coconut fronds.

Planting failures from poor quality seed are com-
mon. Pastures species such as Brachiaria humidicola
and Paspalum notatum are renowned for their poor
establishment from seed. A recent germination test
should be sought to ascertain seed quality so that
planting rates can be adjusted if necessary.

Planting From Vegetative Sets

Planting from vegetative sets is the most reliable pas-
ture establishment method for farmers without access
to machinery. Sets should be as fresh as possible and
planted into good soil moisture. Sets should be
selected from regularly grazed or slashed, strongly
vegetative material and not from flowering or tall
swards. Commonly, grass sets are planted on a | m x
1 m grid pattern. Where the soil surface is dry, or fol-
low-up rain is uncertain, planting holes should be
deep enough to ensure that the sets maintain adequate
moisture. Grass sets are more robust than legume cut-
tings. Legume cuttings desiccate rapidly and should
be planted during periods of showery weather (Mac-
farlane et al. 1991).

Alternative Ground Preparation

Numerous manual planting techniques suitable for
smaltholders were developed in the South Pacific
(Macfarlane et al. 1994) and have potential for use in
smallholder farming systems throughout the humid
tropics. Generally the resultant pasture production
reflects the level of inputs. However, it is desirable to
have forage establishment techniques appropriate to
the wide range of farming systems that exist. Relative
inputs of labour and capital available for pasture pro-
duction vary for different socioagricultural systems.

Table 1. Variable costs associated with pasture establishment.

Operation Work-rate Variable cost’ha Reference

Disc harrowing (2m width) 0.5-1 ha/hr 4-8 L fuel Mullen (1993)
Chain harrowing (4m width) 1.5-2 ha/hr 1 L fuel Mullen (1993)
Draught animal ploughing 0.02 ha/hr 45 plowing hr Santosa et al. (1993)
Zero-till planting (2m cover) 0.5-0.75 ha/hr 4 L fuel Mullen (1993)

Manual glyphosate spraying

Manual pasture seeding

Manual vegetative planting
Stoloniferous species

Pennisetum purpureum

1-1.5 labour days
0.5-0.7 labour days

15-20 labour days
10 labour days

Mullen (1993)
Mullen (1993)

Mullen (1993)
Crowder and Chheda (1982)
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Direct drill planters— high capital/low labour

Numerous tractor mounted, direct drill planters are
available. All involve the metering of seed into a drill
cut into existing vegetation, usually with a following
herbicide band to remove competition. The sprayed
layer of vegetation reduces the emergence of weeds
between drills. Direct drill planters are particularly
favoured in erosion-prone sites as there is no require-
ment for cultivation. Planting costs are generally
slightly lower than conventional planting costs and
the planting operation is less affected by excessive
soil moisture. The direct drilling technique may have
potential for seeding pastures into rubber plantations
in Malaysia.

Hoof action — low capital/low labour

In Vanuatu, Macfarlane et al. (1994) reported suc-
cessful pasture establishment using trampling action
to prepare planting sites. Cattle in excess of 10 head/
ha were introduced into paddocks of up to 4 ha in size
during the wet season. Over a 1-2 weck period, con-
tinued hoof action on the friable soils caused suffi-
cient disturbance for planting of pasture seeds. Cattle
were left in the paddock overnight following planting
to incorporate seed into the soil. This technique
proved to be effective and reliable on clay-loam soils
and in high rainfall regions (2300 mm+). Fences must
be strong enough to prevent cattle from breaking out
as feed becomes scarce. Tethered cattle can be used
in much the same way to produce circular planting
sites around coconuts which can then be planted to
vegetative sets.

Oversowing into cow dung — low
capital/llow labour

Where cattle graze permanantly in one paddock,
oversowing with vegetative sets of grass and/or leg-
umes can be carried out by utilising the cattle’s
avoidance of grazing around dung pats, (Macfarlane
et al. 1991). Following planting into semi-fresh dung
pats cattle will not graze a vegetative set for up to 8
weeks. Fresh cow manure may be applied after 6
weeks if the sets have not fully established. This tech-
nique worked effectively for overplanting buffalo
couch (Stenotaphrum secundatum), hetero (Desmo-
dium heterophyllum) and Pinto peanut (Arachis pintoi
cv. Amarillo) into T-grass (Paspalum conjugatum)
pasturcs in Vanuatu and was also successful in North
Sulawesi. The great advantage of this technique is
that it can be done gradually and requircs no major
time commitment.

Strip planting of vegetative sets — moderate
capital/moderate labour

Given the aggressive nature of improved pastures,
a common practice has been to plant vegetative sets
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in strips with the expectation that the pasture species
will spread from the strips. Competition can be
removed from the strips by a variety of methods
including: (1) hoeing out existing vegetation, (2) poi-
soning strips of vegetation with glyphosate (1% solu-
tion in water at 300L/sprayed ha), or (3) burning
coconut fronds in lines. Rate of establishment to full
cover will depend on the pasture species planted, the
amount of remaining vegetation and the distance
between planting lines (Table 2).

Further opportunities for alternative pasture estab-
lishment techniques may arise occasionally. For
example, bare ground following a severe drought or
intense fire may be used as a seedbed. Astute manag-
ers may benefit from such circumstances. However,
the most reliable method of pasture establishment
remains the conventional cultivation technique fol-
lowed by pasture planting into a full profile of soil
moisture.

Post-plant Weed Control

Timely post-plant weed control can encourage rapid
pasture establishment and minimise later weed con-
trol requirements. Options for weed control include
hand weeding, spot spraying with non-selective her-
bicide, spraying with selective herbicide, short peri-
ods of heavy, non-selective grazing or by allowing
climbing weeds to smother weed growth.

Hand weeding may only be cost-effective where
labour costs are low, but it is the most discriminating
weed control option. The area weeded daily per
worker is often low and large work-forces may be
required for timely weed control.

Spot spraying with a non-selective herbicide such
as glyphosate can increase the rate of area controlled
but has associated chemical costs. Selective herbi-
cides such as 2,4-D are considerably cheaper and are
etfective on many broadleafed weeds. Most legumes
are tolerant of low rates of 2,4-D once they are estab-
lished (siratro and Shaw vigna are exceptions) (Evans
et al. 1992). Pre-emergent herbicides cannot be used
when seeding grass—legume mixtures.

Heavy, short-duration grazing with cattle is an
effective method of reducing light competition to
emerging pasture species. Stocking rates must be
high enough to prevent selective grazing. The tech-
nique relies on the ability of the pasture species to
regrow more quickly than weed specics and is com-
monly used in combination with other weed control
techniques.

The use of smothering legumes to control weeds is
only possible in specific situations and where early
grazing is not a necessity (Macfarlane et al. 1994).
Legumes such as Pueraria phaseoloides and Doli-
chos lablab have been used in this way. A delicate



Table 2. Time to full pasture cover following planting into glyphosate sprayed vegetation.

Spraying method Dominant existing vegetation

Percentage of area sprayed

Time to full cover (months)

Spot Axonopus compressus
Strip A. compressus
Blanket A. compressus
Spot Paspalum conjugatum
Strip P. conjugatum
Blanket P. conjugatum

25 18-24
50 9-10
100 3
25 36+
50 18-30
100 3

Source: Macfarlane et al. 1994,

balance must be maintained between smothering
weeds and maintaining the growth of pasture species.

Mechanical or hand slashing of weedy pastures
reduces weed competition and encourages the spread
of prostrate pasture species. Efficient tractor slashing
can be performed at a rate of 1 ha/hr. Slashers require
a high level of maintenance, and a similar result can
be achieved by heavy grazing by cattle over 5-10
days. Weed growth can be severely checked if
slashed at the heavy flowering-early seed filling
stage. Slashing of weeds during vigorous vegetative
growth may have little effect.

Conclusions

Improved pastures can dramatically improve rumi-
nant production but the costs of pasture improvement
are often high in terms of capital, labour or both. Pas-
tures will establish rapidly and reliably where compe-
tition for light, moisture and nutrients is minimised
and vegetative germules achieve good seed-soil con-
tact. Conventional ground preparation best satisfies
these requirements but is expensive. In smallholder
situations, the use of vegetative planting material is
commonly more reliable than pasture seed.

A range of alternative pasture planting techniques
have been identified which are less demanding in
terms of capital and labour, but pasture establishment
may be less rapid and reliable.
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Estimating Potential Yield of Forage under Plantations

J.R. Wilson* and T. Schwenke¥

PLANNING the integration of grazing ruminants with
plantation crops could be greatly helped by reliable
estimates of potential herbage growth rates as planta-
tion growth affects light transmission. Such estimates
of potential herbage growth rates and yield over
monthly, or other designated regrowth periods,
adjusted to give the proportion of leaf (the main com-
ponent eaten), may be combined with animal daily
intake requirements to predict a sustainable stocking
rate for cattle or sheep. This paper, however, is con-
cemed only with the initial prediction of potential
herbage yield. The prediction is based on measure-
ments, for several pasture types and defoliation
regimes, of the proportion of incident photosyntheti-
cally active radiation intercepted by growing pasture
over variable time intervals, and the efficiency with
which this radiation is converted to above ground
biomass. A small data set is used here, together with
incident radiation for various localities, as inputs into
a simple model to estimate maximum potential yield
under coconuts at Manado, North Sulawesi, and
under conventional and hedgerow rubber near Kuala
Lumpur, Malaysia.

Procedure for Estimating Yields

Pasture yield predictions may be made using a simple
growth equation (Wilson and Ludlow 1991). The
model requires initial knowledge of the incident radi-
ation above the tree canopy. This information as
monthly averages of total daily short-wave radiation
(SW) is found in climate station summaries (e.g.
FAO 1987). This incident SW is converted to photo-
synthetically active radiation (= 0.5SW) for which
the current term is photon irradiance (PI) and the pre-
ferred units are MJ/mz/day (assuming |E of natural
daylight is equivalent to 0.23 MJ). Monthly average
values for incident daily PI for five experimental sites
are shown in Table 1.

* CSIRO Division of Tropical Crops and Pastures, 306
Carmody Road, St Lucia, Queensland, Australia 4067.

+ Department of Agriculture, The University of Queens-
land 4072, Australia.
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The proportion of this radiation incident on the
understorey pasture is then derived from measure-
ments of percent PI transmission in coconut and con-
ventional rubber plantations of different ages (Wilson
and Ludlow 1991). Ideally, light should be measured
by PI meters which can integrate the spatial variabil-
ity under the plantation canopy (e.g. Moss 1992). For
hedgerow rubber, with east-west planting the area
was divided into two sections: (a) one section of pas-
ture with no canopy cover [= 100% light transmis-
sion]; this area was calculated assuming tree canopy
spread into the interrow from each side of 3 m, 4.5 m
and 8.5 m for 3-, 6- and 12-year-old trees (I. Tajud-
din, pers. comm.); and (b) the under-canopy area
which was assumed to be at the light transmission for
3-, 6- and 12-year-old trees. Potential yield for sun
and shade area was calculated separately using the
appropriate LUE and LI values (Table 2) and then
summed. For monthly yield estimates of mature (6
and 12 yr) and, more importantly young (3 yr) con-
ventional and hedgerow rubber, (especially the 3 yr),
account was taken of change in light levels month by
month, and of the overwintering period when light
levels increase slightly (Tajuddin et al. 1990).

The simple equation was applied:

Pasture growth (G) (g dry mutter/mz/day)

=Light intercepted (LI) (MJ/m?/day)

x Light use efficiency (LUE) (g DM/MJ)

LI is measured (using linear probes placed at
ground level at weekly intervals for any chosen
regrowth period e.g. 4-8 weeks). It is cxpressed as
percent of Pl intercepted relative to incident PI above
the grass canopy. LUE is the conversion efficiency of
PI to dry matter (g) of above ground herbage. Further
details are in Wilson and Ludlow (1991).

LI and LUE have been determined for erect and
prostrate forms of grass and legume pastures under
conditions of adequate water in experiments in
Southeast Queensland. Table 2 gives an example of
data for an erect species, green panic (Panicum maxi-
mum var. trichoglume cv. Petrie), grown under differ-
ent shade levels at high N supply, combined with data
at low N for P. maximum cv. Guinea from an earlier
experiment at the same site (Sophanodora 1989).



Note that LI remains reasonably constant down to
about 30% light as the grass adjusts morphologically
to increased light capture (Wong 1991) by increasing
resources allocated to leaf growth (higher shoot:root
ratio, leaf weight ratio and leaf area ratio), and pro-
duces thinner, larger leaves (high specific leaf area).
LUE (for production of above ground herbage)
increases as light decreases to about 50% because of
increase in shoot:root ratio and higher foliar N%
(Wong 1991), and because photosynthetic efficiency
(g CO, fixed / unit P1 = slope of photosynthesis light
response curve) increases as incident light decreases
(Wilson and Ludlow 1991). These changes are an
attempt by the plant to compensate for increasing
shade, but note that LUE and LI do not appear able
(at least in P. maximum) to further change below
about 50% and 30% light, respectively.

The LUE and LI data for green panic have been
used to estimate potential herbage growth under
‘tall” coconuts at Manado and under rubber at Kuala
Lumpur. Estimates are shown as annual yields over
0-30 years (Fig. 1) or monthly yields for 3-, 6- and
12-year-old plantations (Table 3). The annual yields
were derived from the summation of 6.5 two-
monthly regrowth intervals, and monthly yields

were calculated using LUE and LI values for 8-
week regrowths of green panic (T. Schwenke,
unpublished data). For conventional rubber it was
assumed that only two-thirds of the area would grow
pasture and yiclds were discounted 33% to allow for
this. Under hedgerow rubber, with trees in double
rows 3 m apart, and 22 m between each double row
it was assumed that the 3 m area between the trees
in the double row and | m on the open area side of
each tree row was unavailable for pasture, i.e. 5 m
for each 25 m unit. Thus, pasture yiclds for hedge-
row were discounted 20%. Under coconuts the
whole area was assumed to be available for pasture
growth.

At Kuala Lumpur, rainfall is high in all months
(Table 1), except June—August when rainfall
exceeds evaporation by only 12-20 mm. Yields in
these months were discounted by 20% (Table 3).
Perhaps in sandy soil sites such as at Sungai Buloh
the adjustment for water stress could be greater. Cli-
matological description for Manado (FAO 1987)
lists 81 intermediate dry days; August—October is
dry (Table 1) with rainfall minus evaporation values
of -26, -28 and 2 mm, respectively. For these
months, yields were discounted by 30, 30 and 20%,

Table 1.  Average monthly incident radiation and rainfall for artificial- and tree-shaded experimental locations in Indonesia

(Manado, N. Sulewesi® and Pulukan, Balib), Malaysia (Kuala Lumpur®) and Southeast Queensland. Australia

(Narayen and Samford®).

PI9MJ/m%/day) Rainfall (mm)
Kuala Lumpur Manado Bali Narayen Samford Kuala Lumpur Manado Bali Narayen Samford
(3.1°N) (1.3°N) (8.4°S) (25.6°S) (27.3°S) 3B.1°N) (1.3°N) (8.4°S) (25.6°S) (27.3°S)

Jan. 8.9 9.1 9.6 11.9 10.8 167 444 263 106 163
Feb. 9.7 9.6 10.4 10.4 9.2 157 358 236 96 160
Mar. 10.0 9.9 10.5 10.2 9.1 229 297 221 72 139
Apr. 9.7 10.2 10.5 89 8.0 278 216 171 37 81
May 9.4 9.9 9.0 7.0 6.2 196 177 145 39 66
June 8.7 9.3 8.8 6.3 6.0 131 175 76 37 60
July 8.9 9.9 8.8 7.0 6.4 129 139 68 36 55
Aug. 9.2 10.8 9.4 83 79 142 113 56 27 32
Sep. 9.0 1.0 10.8 10.2 9.3 185 106 123 34 46
Oct. 8.9 10.9 11.4 11.4 10.1 269 138 228 56 85
Nov. 8.2 9.9 11.3 12.2 1.6 278 240 214 77 91
Dec. 8.0 9.4 10.4 12.5 12.3 230 370 273 100 122
Average 9.1 10.0 10.1 9.7 8.9
Total 2391 2773 2074 716 1106
2FAO (1987).

PRadiation data for Rogodjampi (FAO 1987) a nearby site on Java, rainfall for Pulukan, Bali (Shelton and Stiir 1991).

¢ Cook and Russell (1983).

YPhotosynthetically active radiation (Photon irradiance, P1) calculated as 0.5 short-wave radiation (Sziecz 1974).
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Table 2.

Light use efficiency (LUE) and cumulative light

interception (LI) for 8-week regrowths of
Panicum maximum grown under different light
levels® and high or low nitrogen supply.

Light LUE (g tops LI (% of
transmission DM/MJ of PIP) incident PI7)
(%) +N°¢ -N¢ +N¢ -N¢
100 2.7 1.2 75 63
70 3.1 1.3 75 66
50 3.4 70

30 3.4 2.6 70¢ 68
15 3.5 50

4 Grown at Redland Bay, Southeast Queensland with adequate
water.

YPl = photon irradiance (photosynthetically active radiation,
PAR) expressed as MJ/m2/day,

¢T. Schwenke, unpublished data for P. maximimum var. tri-
choglume cv. Petrie.

4Data from Sophanodora (1989) for guinea grass (P. maximum
cv. Guinea).

respectively. Rainfall for the Bali site (Table 1) is
low for at least 5 months and thus would need a
larger discount for water stress than for Manado. A
sound basis for discounting yield for water stress is
needed. Eventually, values for LUE and LI under
water stress conditions may be obtained for shaded
pastures under plantations to use for yield calcula-
tions. Values for crop plants in full sun (Wilson and
Ludlow 1991) indicate a reduction in LUE from 5—
33% under water stress.

Annual Yield Potential

Figure 1 indicates that in full sun at high N, potential
annual yields are 65-75 t DM/ha/yr for both the
Manado and Kuala Lumpur sites. These yields were
not discounted for water stress as were the monthly
yields, so they represent the maximum response to
light level. Such values, although appearing very
high, are in the region of 66-85 t DM/ha/yr for Pen-
nisetum purpureum and 49 tha/yr for P. maximum
measured for open sun, well-watered, high N pastures
in Puerto Rico (Cooper 1970), a site with a 12-month
growing environment. Maximum yields at low N in
full sun were 22-25 t/ha/yr. For Kuala Lumpur, the
yields at low N in sun and young rubber (2-5 yr) are
probably over-estimated for Sungai Buloh because
the sandy soils there are more infertile than the unfer-
tilised kraznosem soil at Redland Bay.

Under coconuts, the maximum potential yield
declines rapidly in response to light to a minimum of
35 tha/yr at age 7, rising to about 50 t/ha/yr in mature
plantation. Again, these potential yields seem high,
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Figure 1. Estimated potential annual herbage dry matter
yields of grass pasture for high and low nitro-
gen situations under coconut plantations at
Manado, N. Sulawesi and under conventional
rubber plantations near Kuala Lumpur, Malay-
sia; calculations based on LUE and LI for 8-
week regrowths of green panic (Table 2) and PI
light transmission curves (.....) from Wilson and
Ludlow 1991.

although comparison with data from the experimental
sites presented in Shelton and Stiir (1991), shows that
one species at the Manado site, P. maximum cv. Riv-
ersdale, yielded 47 t/ha/yr (Kaligis and Sumolang
1991). The low N yields showed little response to
light and stabilised at about 25 t/ha/yr. These yields
may be compared with measured yield under mature
coconuts at Manado (Kaligis and Sumolang 1991) and
Bali (Rika et al. 1991). Because of frequent cutting
and removal of N in herbage, minimal replacement N
fertilizer, and high rainfall at the sites, the yields
reported by these authors may be regarded as from a
low N situation. The estimated yield (Fig. 1) is a little



higher than actual yields of green panic of 17.7 t/ha/
yr at Manado and 19.2 t/ha/yr at Bali but not very dif-
ferent from the 22.5 t/ha/yr for P. maximum Rivers-
dale and 24.5 tha/yr for P. maximum cv. Gatton at
Bali. The light transmission curves used in these cal-
culations, and the experimental sites for data collec-
tion, were in ‘tall’ coconut plantations. In plantations
of hybrid palms, % PI transmissions may be much
lower, e.g. from 35-55% in different months for 13-
year-old trees at 142 stems/ha, and as low as 21-45%
for 8-year-old high potassium fertilised trees (Moss
1992). Calculated pasture yields would thus be lower
under hybrid or dwarf coconut cultivars than those
shown in Table 3 and Figure |.

Under rubber, maximum possible annual yields
are high only in years 1-3 and drop rapidly to a base
yield of about 8 t/ha/yr in a mature plantation at year
6 (Fig. 1). Importantly, at light levels below 20%
there was virtually no difference between high and
low N situations, so little benefit appears to be
gained by adding N fertilizer in mature rubber. The
estimated 8 t/ha/yr maximum (without water stress)
compares moderately well with the highest meas-
ured annual yields under 4-year-old rubber of 5.0 t/
ha for guinea grass and 6.5 t/ha for signal grass
(Sophanodora and Tudsri 1991), and 6.1 t/ha for P.
maximum under rubber at 26-50% light (Wong

1991). However, it is much higher than measured
yields of 1.3-2.3 t/ha/yr in 5-year-rubber (Sophano-
dora and Tudsri 1991), and of 1.2-4.2 t/ha/yr at
<25% light (Wong 1991).

Green panic is a fast-growing erect species and
LUE and yields for 8-week regrowths at higher light
levels as shown in Figure 1 are substantially higher
than those calculated for 4-week regrowths or for the
shade-tolerant mat-forming grass Paspalum notatum,
but these differences between defoliation frequency
and species largely disappeared at the much lower
light levels under mature rubber (T. Schwenke,
unpublished data).

Annual potential pasture yields under conventional
rubber as predicted by Abd. Samat (these proceed-
ings), are lower than those reported here. Abd. Samat
derived yields based on potential yields of native pas-
tures, for which it is assumed that light interception is
one-third of that by introduced pastures.

Monthly Yield Potential

These data are probably more usetful than annual
yields because they provide a basis for adjustment of
animal carrying capacity to seasonal change in pas-
turec growth. In the wet tropics, average temperature
and incident radiation show little change month-to-

Table 3.  Estimated maximum monthly yields? (t DM/ha) for green panic (P. maximum var. trichoglume) under coconuts at
Manado® and conventional and hedgerow planted rubber plantations in Kuala Lumpur environs®.
Coconut Conventional rubber® Hedgerow rubber®
3-yr-old 6 -yr-old 3-yr-old 6-yr-old 3-yr-old 6-yr-old 12-yr-old
Apr. 5.4 37 3.6 07 47 34 18
May 5.4 37 33 0.5 4.6 33 1.7
June 49 3.4 2.2 0.49 3.34 2.44 1.24
July 52 3.7 2.04 0.2¢ 3.4¢ 2.54 1.14
Aug. 3.9¢ 2.9¢ 2.14 0.49 3.5¢ 2.6¢ 1.34
Sep. 3.9¢ 2.8¢ 2.6 0.5 4.1 3.1 1.6
Oct. 4.54 324 2.5 0.6 43 32 1.7
Nov. 5.0 3.6 2.1 0.6 37 2.9 1.5
Dec. 4.9 3.6 2.3 0.7 38 2.9 1.6
Jan. 4.7 3.4 2.4 0.9 42 33 2.0
Feb. 45 33 25 1.0 4.2 33 2.0
Mar. 5.2 38 2.7 1.2 4.7 38 2.3
Total 57.5 41.1 30.3 7.7 48.5 36.9 19.8

4 Under adequate water and nitrogen; based on LUE and LI for 8-weekly cut green panic at Redland Bay (T. Schwenke), and using
incident radiation levels for Manado and Kuala Lumpur as indicated in Table 6.
b Coconuts — light transmissions 3 yr (81%). 6 yr (54%) from Wilson and Ludlow (1991). Rubber — light transmissions from Tajud-

din et al. (pers. comm.) for conventional and hedgerow rubber .

¢ To account for non-pasture, area yields were decreased by 33% in conventional rubber and by 20% for hedgerow rubber.

4 Rainfall-evaporation ( R-E) for August. September and October in Manado was ~26 mm, -28 mm, 2 mm (FAO 1987) and growth
was reduced by 30%. 30% and 20% respectively. for these months. R-E for June, July and August at Kuala Lumpur was 19, 12 and
20 mm, respectively, and rubber yields were discounted 20% for each of these months.



month, but there is still significant variation in
monthly rainfall (Table 1) which will affect pasture
yield. Table 3 shows estimated yields for each month
under good nutrition but with discount for water
stress. In coconuts, the yields in a mature plantation
are adequate to support a reasonable stocking rate,
but in conventional rubber they would limit stocking
at 3 years and be insufficient for animal stocking at 6
years. This is especially so in conventional rubber
given that the data indicate maximum possible
growth, without N restriction, pathogen or insect
damage, or inedible weed invasion. Conversion to
useful ‘feed on offer’ would also need to assume a
certain percentage yield loss to account for senes-
cence over a regrowth period, and then an adjustment
(about 40%) to give leaf yield which is what animals
will mostly eat. The data in Table 3 clearly suggest a
marked advantage for pasture yield of the hedgerow
over conventional rubber. Monthly yields would sup-
port reasonable stocking at year 6, and more
restricted stocking by year 12 and thereafter.

The annual herbage yields of improved pastures
under hedgerow plantings as predicted by Abd.
Samat (these proceedings), were lower (maximum of
35 t/ha, declining to 26 t/ha) than the total of the
monthly yields in this report, and stabilised in ycar 6
rather than continuing to decline from year 3 to year
12 (Table 3). In this report, hedgerow pasture yields
were calculated on the basis of an area with 100%
light transmission and an area under the trees of
reduced light, and using the appropriate LUE or LI
for the two areas. The herbage yields predicted by
Abd .Samat are lower because a single light transmis-
sion value (and therefore a single UE and LI) was cal-
culated for the entire hedgerow area. The stabilisation
rather than decline of hedgerow pasture yields in
Abd. Samat’s model occurred because predictions of
light transmission were based on extrapolations from
a limited data set of tree-canopy spread in a 5-year-
old hedgerow planting (Ng et al. 1979). In this report,
measurements of canopy spread in 3-, 6- and 12-year-
old plantations (I. Tajuddin, pers. comm.) are used.

Conclusions

The simple model has predicted yields which tend to
be higher than measured yields. The explanation may
be that the LUE and LI values used were from
recently established pasture which, for various rea-
sons, will almost certainly have a higher growth rate
than the same pasturc when 2-3 years older. To
refine the yield predictions there is a real need to
obtain the LUE and LI model parameters for older
pastures, especially under the 12-month growing con-
ditions in Southeast Asia, and also to have values for
the favoured species for use in plantations such as
Stenotaphrum secondatum, Brachiaria humidicola
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and Arachis pintoi. The comparison of yields shows
the large advantage gained by going to hedgerow
planting in rubber. The further need in the model
building is to derive the necessary model parameters
to convert total herbage dry matter yields to useful
feed on offer and then to potential stocking rates.
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Mechanisms of Persistence in Tropical Forages to
Defoliation under Shade

C.C. Wong* and W.W. Stiir{

THE lack of persistence and high forage productivity
in sown pastures under perennial plantation crops has
been a major obstacle in the development and adop-
tion of silvopastoral systems in Malaysia. Past expe-
rience has shown that low growing, stoloniferous
grasses like Axonopus compressus and Stenotaphrum
secundatum were able to persist in shade under graz-
ing (Chen and Bong 1983; Smith and Whiteman
1985). Little is known of the mechanisms of persist-
ence of higher-yielding sown pasture grasses when
defoliated in shade. Is it simply prostrate growth
habit which confers persistence or are there other fac-
tors involved? An experiment was conducted to
examine the effect of 2- and 4- weekly cuttings ata 5
cm cutting height on the regrowth and persistence of
two shade-tolerant grasses, a prostrate species,
Paspalum wettsteinii and an erect species, Paspalum
malacophylium, grown in 100, 50 and 20% of ambi-
ent light over a 12-week period (3 cycles of 4-weekly
interval). Another experiment was undertaken to
evaluate the role of residual leaf area in the stubble
after grazing on the regrowth and survival of the two
grasses in 20 and 50% ftull sunlight.

Materials and Methods

Experiment | was a randomised complete block in a
split-split plot arrangement with 6 replications. Light
levels were arranged as main plots, with defoliation
frequencies as subplots while species formed the sub-
subplots. Sarlon ® shade cloth was used to provide
light transmission of 50 and 20% ambient light for
comparison with a full sunlight control trcatment.

P. malacophyllum and P. wettsteinii were estab-
lished in polystyrofoam boxes in the open in Bris-
bane, Australia. All grass swards received adequate

* Malaysian Agricultural Research and Development Insti-
tute, PO Box 12301, Ibu Pejabat Pos besar, 50774, Kuala
Lumpur.

CIAT-IRRI, PO Box 933, 1099 Manila, Philippines.
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fertilizers and water supply and were cut to a 5 cm
cutting height twice before commencement of defoli-
ation treatments.

Plants were sampled for dry matter (DM) yield and
total nonstructural carbohydrates (TNC) of the leaf,
stem, stubble and root components. Records of tiller
number and plant mortality were taken before each
harvest. At the end of the experiment, the remaining
plants were transferred into a dark room for determi-
nation of etiolated regrowth potential (Burton and
Jackson 1962).

Experiment 2 was a randomised complete block
design in a split-split-split plot arrangement with 5 rep-
lications. Light levels were arranged as main plots with
species as subplots, defoliation frequencies of 2- and
4-weekly intervals as sub-subplots and cutting heights
of 5 and 10 cm formed the sub-sub-subplots. Both
grasses received two cycles of defoliation as a precon-
ditioning phase before the regrowth study of the two
grasses with their stubble lcaves cither retained or
removed at commencement of the experiment. Plant
mortality was monitored over the 28-day regrowth
period.

Results and Discussion

Total biomass production (TDM)

Both species produced similar TDM in all the trcat-
ments despite the difference in growth habit. TDM
was reduced significantly (P<0.01) by shading in
both species, the magnitude of reduction being pro-
portional to the intensity of shade (Fig. 1). Shading
reduced tiller number in both species while cutting
frequency had no significant effect (Table 1).

P. wettsteinii produced a higher root yicld while P.
malacophyllum had a higher shoot component (Fig.
1). This ditferential allocation of DM resulted in
higher shoot:root ratios and tiller numbers in P.
malacophyllum, particularly with 4-weekly detolia-
tion (Table ). Leaf area indices and light intercep-
tion were not signiticantly different between the two
species (Table 1). Relative growth rate was generally



Table i.
Experiments 1 + 2. Adapted from Wong and Stiir (1993).

Light  SR'  SLAI RGR®  TillNod LAY Etiol (@m ) Mortality % TNC (g/m*)
level
P. malacophyllm (crect species)
2-weekly cut
20% 1.0 0.15 0.07 13 1.3 4.6 6 3.4
50% 1.2 0.24 0.14 24 2.1 12.1 0 10.5
100% 1.4 0.69 0.17 41 3.4 3.0 0 3353
4-weckly cut
20% 2.3 0.13 0.12 14 22 5.7 3 1.1
50% 2.8 0.27 0.15 26 4.4 23.1 0 355
100% 2.6 0.62 0.23 37 5.8 379 0 71.9
P.wensteinii (prostrate species)
2-weekly cut
20% 0.8 0.28 0.03 8 1.4 0.1 46 1.3
50%. 0.9 0.52 0.09 14 2.4 0.2 10 4.6
100%: 1.0 0.97 0.12 25 3.8 1.1 0 12.2
4-weekly cut
20% 1.4 0.18 0.09 10 2.6 0.2 24 4.0
50% 1.6 0.14 0.12 19 4.2 1.8 8 1.9
100%: 1.6 0.64 0.17 25 5.3 2.2 0 30.9
48:R = shoot:root ratio
PSILAI = stubble leaf arca index
“RGR = relative growth rate (g/g/wk)
4Till no. = tiller number/plant
¢ LAI - leaf arca index
" Etiol = etiolated regrowth
£ TNC = Total nonstructural carbohydrates in stubble.
Paspalum malacophyllum Paspalum wettsteinii
800 — 800 —
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Summary of growth responses, TNC content and mortality of the two grasses to shade and defoliation trom

Light transmission (%) Light transmission (%)

Experiment 1: Eftect of shading and defohation on root, stubble and shoot dry weight (g/mZ) of P. malacophyl-
lum (erect habit) and P. wettsteinii (prostrate habit).

Figure 1.
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higher in P. malacophyllum but declined with shad-
ing in both species.

TNC pool and etiolated regrowth

Frequent defoliation in increasing shade intensity
reduced labile stubble TNC pool in both species, and
increased plant mortality, particularly in P. wettsteinii
(Table 1). P. malacophyllum retained a higher stubble
TNC and exhibited a larger amount of etiolated
regrowth (Table 1). A strong correlation coefficient
was obtained between the stubble TNC and etiolated
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regrowth. The ability of P. malacophyllum to tolerate
frequent defoliation in shade was attributed to its
higher stubble TNC pool for regeneration.

Stubble leaf area index (SLAI)

P. wertsteinii had higher SLAI than P. malacophyl-
lum. SLAI was higher in the 2-weekly than the 4-
weekly cut swards of both species (Table 1). In
Experiment 2, SLAI was also higher with higher cut-
ting height (data not shown). Removal of stubble
leaves of P. malacophyllum had no significant effect

50% light
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Days of regrowth

Shoot dry matter yield (g/m2)
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Experiment 2: Shoot dry weight (g/mz) during regrowth of P. malacophylium and P. wettsteinii in 20 and 50%

light transmission, following defoliation of swards at 5 and 10 cm heights, with and without removal of residual
leaves (£RL) of stubble. Data are means over defoliation frequencies of 2 and 4 weeks. Vertical bars indicate

LSD (0.05) for interactions.



on shoot dry weight in any treatments except at days
3 and 7 after commencement of the regrowth phase
(Fig. 2). By day 14, there was no ettect of removal of
stubble leaves on subsequent regrowth. In contrast,
there was a consistently low shoot dry weight of P.
wertsteinii upon removal of stubble leaves irrespec-
tive of cutting height (Fig. 2). This poor shoot growth
resulted in a higher mortality of this grass under
dense shade (Fig. 3). The ability of P. malacophyllum
to restore its shoot regrowth early appeared to be a
contributory factor to its higher persistence because
of high stubble TNC levels.

The experiments demonstrated the contrasting
responses of the two Paspalum grasses to defoliation
management in shade. The prostrate P. wettsteinii
relied on the stubble leaves for its survival because of
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its low tiller production, slow shoot regrowth, low
reserves of TNC in the stubble, and a preferential DM
allocation to root biomass. On the other hand, P.
malacophyllum allocated its organic reserves into
greater tiller production and development. This
resulted in a higher shoot regrowth than P. wettsteinii.
However, at the same time P. malacophyllum also
allocated a reasonable proportion of photosynthate to
stubble reserves of TNC. This reserve, although
greatly diminished under shade, was still sufficient to
support reasonable regrowth after defoliation (as evi-
denced by the ctiolated shoot response). Such a
response may have mitigated the importance of stub-
ble Icaves for initial shoot regeneration. The ability to
store TNC and regenerate photosynthetic surface rap-
idly was an important adaptive feature for growth and
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Experiment 2: Plant mortality (% of original plant population) of P. malacophyllum and P. wettsteinii in 20 and

50% light transmission at day 28 following defoliation at two cutting heights (5 and 10 cm) and two cutting inter-
vals (2 and 4 weeks) with and without removal of residual leaves of stubbie at day 0.



-persistence in shade. Without TNC accumulation, P.
wettsteinii had very poor survival when stubble leaves
were removed. These experiments used artificial cut-
ting and it is evident that under grazing the capacity of
stubble leaves to escape removal will be very impor-
tant.
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Nitrogen Availability and Grass Yield under
Shade Environments

J.R. Wilson* and D.W.M. Wild¥

NITROGEN availablility is a major determinant of
grass yield in all pasture systems throughout the
tropics and subtropics. In few instances is it eco-
nomic to supply fertilizer N for pasture production.
Consequently, grass pastures depend on high natural
soil fertility and a rapid mineralisation of N from
soil organic matter to sustain good productivity. In
many areas of Southeast Asia and Australia, one or
other, or both, of these attributes are at the lower
end of the scale and pasture growth is severely N
limited. Even when soils are naturally fertile, such
as the young volcanic soils in Bali, frequent harvest-
ing of plant material from plots as reported in Shel-
ton and Stiir (1991), or cut-and-carry systems of
animal feeding, will create N-limited situations. For
example, a 300 kg stall-fed animal consuming 7.5
kg dry matter/day at 1.5% N will remove 41 kg N/
year, and with a hectare supplying feed for perhaps
three head then N removal could be 120 kg N/ha/yr.
N cycling through organic matter breakdown, leg-
ume input, or dung and urine return, would need to
be high to replace this loss. In Australia, even fertile
soils with animals grazing in-situ, consuming as lit-
tle as 20% of pasture dry matter and with 80% of
this consumed N returned as urine and dung, will
suffer severe N rundown problems limiting pasture
growth (Myers and Robbins 1991). In this instance,
uneaten dry matter is returned to the soil as poor
quality litter with high carbon:nitrogen ratio result-
ing in very slow organic matter breakdown and low
N mineralisation (Robertson et al. 1994),

Higher N availability in soils under artificial- and
tree-shaded environments has been reported for a
number of situations, e.g. in Australia (Wilson et al.
1986, Wilson and Wild 1991), East Africa (Belsky et
al. 1993), the Mediterranean (Joffre et al. 1988) and
the Caribbean (Cruz et al. 1993). These reports seem
to be generally associated with water-restricted envi-

* CSIRO Division of Tropical Crops and Pastures, 306
Carmody Road, St Lucia, Queensland, 4067 Australia.

7 Department of Agriculture, The University of Queens-
land 4072, Australia.
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ronments. This paper presents some recent informa-
tion on shade effects on N availability and pasture
yield tfrom ACIAR and complementary CSIRO
projects. The data are evaluated to gain understand-
ing of the rcasons for increased soil N availability
under shade which sometimes leads to higher pasture
yield under shade than in full sunlight.

The ‘Shade Effect’ on Dry Matter
and Nitrogen Yield

The ‘shade eftect’, viz. greater herbage growth of sun-
tolerant pasture grasses under shade than in full sun in
N-limited situations, e.g. under tree canopies (Lowry
et al. 1988, Weltzin and Coughenour 1990, Wilson et
al. 1990), is of some significance to plantation or
agroforestry systems. It may be seen clearly in results
from two experiments conducted in southeast Queens-
land (Table 1). The positive responses in grass herb-
age yield for shade compared to full sunlight
treatments were large. In a humid coastal environment
at Samford they were +124% for artificial 50% shade
and +41% under a |0-year-old plantation of eucalypts,
and in a sub-humid, dry inland environment at
Narayen it was +39% under 50% artificial shade. Pro-
portional increases in N yield (Table 1) were of the
same order. The increased N yield of tops cannot be
fully explained by reallocation of N from a smaller
root system in response to the imposition of artificial
shade at either Samford or Narayen (Table 1); this
agrees with the earlier conclusion of Wilson et al.
(1986). The difference in N content of grass roots
under trees (Table 1) compared to full sun (-69 kg N/
ha) could numerically explain the extra gain in N in
grass tops under trees (+22 kg N/ha). However, the
plantation/pasture system was 10 years old and the
adjustment to a smaller root system for the grass (in
dry matter and N yield) occurred well before the start
of this experiment. Therefore, the smaller root system
does not necessarily indicate extra N available for
reallocation to ‘current’ growth of tops, as is the case
for the artificial shade treatment (Table 1) where a
previous area of ‘sun’ pasture was suddenly shaded



causing shrinkage of the existing root system. The sig-
nificance of an improvement in soil N availability
could be enhanced in pasture mixtures by the fact that
nodulation and N fixation for legumes is often
reduced under shade (Lie 1974) and thus they may not
be such effective providers of symbiotically-fixed N
for grass growth as they are in full sun pastures. Wong
and Wilson (1980) found that siratro (Macroptilium
atropurpureum) under shade had severely reduced
nodulation and N yield and was less competitive with
the accompanying grass. However, the opposite
response of higher relative yield of legume compared
to grass under shade than in full sun was reported for
mixtures of centro/guinea and centro/signal (Sophano-
dora 1991), and Arachis pintoii/ Paspalum notatum (T.
Schwenke, pers. comm.). The influence of shade on
nodulation and N fixation of shade-tolerant legumes
under plantations and their contribution to associated
grass needs to be ascertained.

Physiologically, the ‘shade effect’ on grasses can
be explained by the gain in net photosynthesis
(through higher leaf N%) being greater than the loss
in potential photosynthetic activity when light level
decreases by up to around 50% (Wilson and Wild
1991). This is only relevant where N is significantly
limiting, because under N deficiency the photosyn-
thetic light-response curve is saturated with only 50%
light (Wilson 1975). The effect is unlikely to be seen
at light levels much lower than 40-50% because pho-
tosynthetic rate then drops steeply and increasing
plant N concentration cannot give sufficient compen-
sation to maintain net carbon intake equivalent to full
sunlight conditions.

Significantly, there is no ‘shade effect’ on grass
yield in solution culture at either high or low N sup-
ply (Wild et al. 1993). This result strengthens our
belief that the ‘shade effect’ is soil-related and that
the gain in N and grass growth under shade largely
results from faster organic matter breakdown and
greater N mineralisation. Further support is added by
the lower litter yields (despite greater tops growth)
and faster litter decomposition under shade seen in
experiments with bahia grass (Paspalum notatum)
pastures at Samford (Table 2). However, the possibil-
ity that the ‘shade effect’ is not an N availability
response but simply arises from less evapotranspira-
tion, and thus less water stress for plant growth,
should be examined.

Table 2. Influence of shade environment on litter
breakdown on bahia grass pastures at Samford,

southeast Queensland®.

Litter yield  Litter loss from surface

on plots® bags®
(Vha) (% of starting weight)
Full sunlight 5.1 -26.7
Under trees 4.4 -26.3
Antificial shade 3.3¢ -37.64

4 Description as in Table 1.

®Litter on plots at end of 18-month experiment.

¢ Dead leaf litter collected from artificial shade plots of bahia
grass and placed in nylon mesh bags on the soil surface of each
treatment; weight loss recorded after 3 months during early
summer.

4p <0.01

Table 1. Influence of shade environment on cumulative dry weight and nitrogen yield for plant tops and roots of bahia
grass and green panic pastures in southeast Queenstand (Relative difference in brackets).
Samford—Bahia grass? Narayen—Green panic®
DM yield (Vha) N yield (kg/ha) DM yield (t/ha) N yield (kg/ha)

Irrigated Dryland Irrigated Dryland

Plant tops

Full sunlight 5.8 58.9 12.2 8.5 109 87

Under trees¢ 8.2f (+41%) 80.6/ (+37%)

Artificial shaded 13.0F (+124%)  12820(+118%)  16.97 (+39%)  12.2f (+42%) 162 (+49%) 117 (+34%)

Roots®

Full sunlight 46.5 237.0 16.5 13.0 336 270

Under trees® 22.2f 168.0

Artificial shade? 309 203.00 12.8 14.3 278 300

3 Paspalum notatum pastures—three harvests over two growing seasons, 8 replications, humid coastal environment.
® Panicum maximum var. trichoglume, 7 harvests over 2 years, 3 replications, sub-humid inland environment.
¢ Eucalyptus grandis at 6.5 m x 6.5 m (237 trees/ha), shade level 45-65%

dSarlon shade cloth 50% transmission.
®Roots 0~40cm depth (Samford) and 0-30 cm depth (Narayen).
f

P<0.01
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Possible Role of Reduced Plant
Water Stress Under Shade

A procedure is detailed here to enable assessment of
the extent of reduced water stress for plant growth
under shade compared to full sun. Wilson and Wild
(1991) showed that in a dry environment at Naraycn,
southeast Qld, 50% artificial shade greatly reduced
the rate of soil drying compared to the full sun con-
trol. In subsequent work we have attempted to quan-
tify the stress days for plant growth cxperienced by
the sun and shade treatments. This has been done by
installing gypsum blocks at various soil depths and
reading them at frequent intervals, an cxample of
such data for a sun treatment is given in Figure I.
Stress days are then calculated based on soil water
potential (SWP) at 20 ¢m depth which is regarded as
within the main root zone for grass. Plant growth
reduction is defined as occuring when available soil
water content (ASWC) at this depth has declined
below 50% (Mc Cown 1973). For both the two main
soil types at Naraycn, the soil moisture characteristic
curves indicate that the SWP equivalent to 50%
ASWC is —1.3 bars (0.13MPa). Hence, in Figurc 1,
days when SWP is below 1.3 bars (= 0.11 [-log
units]) are rcgarded as stress days. They may be
summed over the regrowth periods being examined.
(N.B. a log plot of SWP as in Figure | is not neces-

sary for this purpose but is presented as such for the
microbial activity calculations described below).
Using the stress day analysis, artificial shading
clearly reduced the number of water stress days for
plant growth (Table 3). The effect was large at Sum-
ford, a 46% decreasc in a very dry year 1991, and a
23% decrease at Narayen, in the moderately dry years
1989 and 1990. This could suggest that the yicld
gains under shade result from less water stress for
plant growth. However, the bahia grass pasture under
trecs at Samford was just as water-stressed as under
full sun yet gave a 41% higher yield (Table 1). In
addition, at Narayen, irrigated, shaded Panicum max-
imum var. trichoglume (green panic) had only about
onc-third as many water stress days as dryland,
shaded green panic yet both treatments gave a similar
proportional incrcasc in yield (39 and 42%, Table 1)
as a shade response. Also, in the irrigated plots, the
+39% ‘shade cffect’ occurred despite there being vir-
tually no difference in stress time between sun and
shade treatment (Table 3). The evidence from the
current cxperiments for the ‘shade effect” being
largely due to reduced watcr stress for plant growth is
thus slight. This conclusion is supported in detailed
analysis by Belsky et al. (1993) of ‘shade effects’ on
pasturc yicld under isolated tree canopies of acacia
and baobab at African sites of low (750 mm, =
Narayen) to very low (450 mm) annual rainfall. They
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Figure 1.

A data set for a P. maximum var. trichoglume sun plot from the Narayen site showing soil water potential (SWP

plotted as log values) for gypsum blocks at 5 (solid line) and 20 ¢m (dashed line) depths for a 90-day period: line at
-0.4 indicates fully wet soil (near field capacity. FC), and at —0.11 indicates 50% available soil water content
(ASWC) for this soil. Heavy lines = periods below 509% ASWC at 20 ¢cm depth and hatched arca = integrated water
stress for microbial activity (5 cm depth) over a given harvest period ( .



Table 3.

Comparative effect of sun and shade treatment on soil water deficit? as it might influence plant growth or relative

microbial activity (N mineralisation) at Samford and Narayen sites, southeast Queenslandb (Relative differences

in brackets).

Samford —Babhia grass

Stress days for plant

growth® (% of total
days)

Relative microbial
activity stressd (log
MPa days)

Narayen —Green panic

Stress days for plant
growth® (% of total days)

Relative microbial activity
stressd (log MPa days)

Irrigated Dryland Irrigated Dryland
Full sunlight 68 150 13.9 50.1 314 431
Under trees? 69 (0%) 165 (+10%)
Artificial shade® 37 (-46%) 118 (-21%) 122 (-12%) 38.3(-23%) 147(-53%) 313 (-27%)

4 Measured by gypsum blocks.
Y Details as described in Table 1.

¢ Numbers of days when soil water potential at 20 cm depth was < - 0.13 MPa (= to 50% available soil water content from soil mois-
ture characteristic curve) expressed as percentage of total number of days over which yield was measured in 1991 (Samford) and

1989-90 (Narayen).

4 Based on linear relationship of microbial activity (N mineralisation) to log soil water potential; data as integrated area under curve of
log MPa soil water against time (with base line equivalent to log MPa of fully wet gypsum block, see Fig. 1). Higher values indicate

greater stress for microbial activity.

found yield increases respectively of +52 and +95%
for trec understory herbage compared to full sun
herbage but, on a yearly basis, no difference in soil
moisture between tree and open pasture sites.
Although to be even-handed, in certain agroforestry
systems, there may be circumstances where, in the
surface soil layers, root competition between tree and
understorey grass leads to excessive water stress con-
tributing to reduced herbaceous growth. Eastham et
al. (1990) had evidence of this at very high tree densi-
ties (2150 stems/ha) in a Eucalyptus grandis/ Setaria
sphacelata tree/grass combination.

Shade Benefits for Enhanced
Microbial Activity and
N Mineralisation

Belsky et al. (1993) provided clear evidence for
higher soil N availability and higher microbial bio-
mass under trees, and some evidence for faster N
mineralisation; i.e. more active biological N cycling.
Shade ameliorates the soil surface temperature and
water environment and the implications of these
effects for increased microbial activity, and thus
higher N mineralisation, warrant quantitative analy-
sis.

Three relationships (Fig. 2) all show microbial
activity increasing with soil temperature to at least
35°C, but relationship B (from temperate soils) indi-
cates an optimum at that temperature, whilst rela-
tionship C (from tropical soils) indicates microbial
activity increasing linearly to 50°C. This difference
perhaps indicates a different population of microbial
species adapted to low (temperate) and high (tropi-
cal) soil temperatures. In the absence of further evi-
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dence the latter trend must be regarded as
appropriate to our experimental areas. Therefore, the
lower temperatures under the litter layer and in sur-
face soil under shade (Table 4) appear unlikely to
bencfit litter breakdown, in fact should slow it in
relation to full sun. Except perhaps, on those occa-
sions in summer when soil surface/litter tempera-
tures in sun exceed 50°C as can happen at both
Australian sites (Table 4); and on these occasions the
litter in full sun will also be very dry.
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Figure 2. Relationship between relative microbial activity

or N mineralisation and soil temperature for
temperate region soils (A) Kladivko and Keeney
1987 and (B) van Veen and Frissel 1981, and
tropical region soils (C) Myers 1974.

Microbial activity and N mineralisation decline
linearly with decline in soil water content below
field capacity, and hence also linearly with decline



Table 4.

Influence of shade environment on daily maximum temperatures (°C) of pasture canopy, under litter and in

surface soil at Samford and Narayen sites, southeast Queensland?,

Samford—Bahia grass®

Narayen—Green panic®

v Litter (°C) 2.5 emsoil (°C)  Canopy (°C) Litter (°C) 2 cmsoil (°C) 5 cm soil (°C)
Full sunlight 57.9 34.8 335 41.4 40.2 (52) 34.6
Under trees® 45.6 317
Artificial shade?  35.4 30.1 324 31.8¢ 30.84(35) 27.44

2 Details as described in Table 1.
b Hot, sunny day (27 December).

¢ Averages for period 7-17 March, data in parentheses are for an individual hot day (18 January).

4p <0.01

in log SWP (Fig. 3). Several of the relationships sug-
gest an optimum water content, beyond which
microbial activity declines sharply as soils become
saturated; relationship C (Fig 3b) suggests an opti-
mum lower than field capacity, but this probably
reflects difficulty of translating data from the curve
in the original publication (Kladivko and Keeney
1987). Periods above field capacity are rare for Aus-
tralian experimental sites but may be of significance
in the high rainfall, wet tropics of Indonesia and
Malaysia, and other countries of Southeast Asia. To
quantify the influence of soil dryness on microbial
activity, we assumed that the surface soil was most
important, and hence analysed gypsum block data
for 5 cm depth at Narayen and Samford (gypsum

(a)
DRY

100

50

different research
findings

Relative soil microbial activity or N mineralisation

0 50 100

Relative soil water content (%)

Figure 3.

SAT.

blocks are not very satisfactory for shallower depths
than Scm). Soil water potential as —(log bars = log
MPa x 10) was plotted over time for these depths,
see example for Narayen (Fig. 1). Then, assuming a
baseline equivalent to a fully wet (field capacity)
gypsum block, viz. —0.4 bars at Narayen (= 0.4 in
the —log units), the area under the soil water potential
curve was integrated (Fig. 1) to give a relative stress
measure as log bar days. These are converted to cor-
rect ST units, viz. log MPa days (Table 3); higher val-
ues indicating greater reduction in microbial activity/
N mineralisation.

Stress on microbial activity due to surface soil dry-
ness at Samford and Narayen was reduced under arti-
ficial shade by around 21 and 27% respectively

(b)

different research
findings

Relative soil microbial activity or N mineralisation

12 05 0 -05
PWP FC

Log ¢ soil water potential bars

Relationship between relative microbial activity or N mineralisation and (a) relative soil water content (%)—(A)

Kladivko and Keeney 1987, (B) Godwin and Jones 1991, (C) Campbell et al. 1981; and (b) log soil water poten-
tial— (A) Kladivko and Keeney 1987, (B) Orchard and Cook 1983, (C) van Veen and Frissel 1981. [SAT = sat-
uration, PWP = permanent wilting point, FC = field capacity].



compared to full sun (Table 3), but under trees was
slightly higher than in full sun. This aspect of shade
in conserving moisture in the surface layers helps
explain faster litter breakdown (Table 2), more N and
more growth (Table 1) under artificial shade. How-
ever, under trees surface soil dryness was similar to
that for full sun. Shade may have reduced soil tem-
peratures and evaporative loss but this positive bene-
fit must have been oftset by higher water use by the
combined tree-pasture canopy. The explanation of
the pasturc dry matter and N yield incrcase under tree
shade has thus not been helped by this analysis.

Shade Effects on Earthworms

Earthworms are known to contribute strongly to turn-
over of soil organic matter and improve soil fertility.
An assessment of earthworms was made on one occa-
sion for the Samford and Narayen sites (Table 5).
These data showed an increase in population under
artificial shade compared to full sun, and a large pop-
ulation under the eucalypt trees. Introduction of
earthworms into soil cores of tropical grass in pots
has increased N availability and stimulated grass
growth in glasshouse experiments (Blakemorc 1993).
The amelioration of the soil water and temperature
environment under artificial shade appears to benefit
earthworm populations. Under trees, maybe the effect
is largely due to cooler soil temperatures, especially
during summer. Perhaps earthworms are contributing
importantly to increased N availablity? More work is
needed to quantify this effect, which could be large in
longer term shade environments, such as under tree
plantations, where earthworms (and other soil meso-
fauna) can build up with time.

General Discussion and Conclusions

Under tree canopies, higher soil fertility and greater N
uptake in understorey herbage have been consistently
demonstrated over a range of ecological circum-
stances outside the wet tropics. This gain in fertility is
often ascribed to tree factors such as tree litter fall,
bird droppings, camping animals, etc. (e.g. Weltzin

and Coughenour 1990). However, the current studies
show that under shade-cloth the gains in N and grass
yield arc greater than for pasture under trees, and thus
demonstrate quite conclusively that the shade environ-
ment per se is the critical factor leading to a ‘shade
effect’. The effect does not appear to result from
reducing water stress for plant growth, as: (1) irrigat-
ing shade and sun plots at Narayen virtually elimi-
nated water stress for plant growth but still gave a
strong shade response; (2) tree plots at Samford were
as dry as the sun plots but showed a yield response of
+41%. Microbial activity for N mineralisation should
have been favoured by the better water status in sur-
face soil layers under artificial shade, this was particu-
larly so for the irrigated plots at Narayen (Table 3),
and N uptake under shade (162 kg/ha) was much
higher than in sun (117 kg/ha). Again, however, this
does not explain the ‘shade effect” under the tree plots
at Samford because there the surface soil was as dry or
drier than in full sun. Earthworm populations under
the trees were high and this probably indicates a more
benign soil environment for biological activity (and N
cycling?). Of course, if temperature response curves
for microbial activity showed an optimum of around
32°C, and non-activity to 50°C, then a benefit of
shade would clearly be reduced soil surface tempera-
tures. More experiments are needed to confirm the
Myers (1974) relation shown in Figure 2.

We believe that the main sun and shade differences
in activity for organic matter breakdown and N min-
eralisation reside in just the top few centimetres of
the soil and litter layer. Consequently, our ability to
make a clear link between the ‘shade effect’ and the
soil environment under shade is limited because cur-
rent measurements at soil depths of 5 cm or deeper,
and on a weekly (not continuous ) time scale, are per-
haps not sufficient to show the full benefit of shading
(tree or artificial) for stimulating biological activity in
the surface zone. Controlled cxperiments are needed
to test this hypothesis.

It should be stressed that the ‘shade effect’, i.e. one
giving not just higher N availability, but higher grass
yield under shade than in sun, will only occur in spe-
cial circumstances. It will not occur: (a) when N sup-

b

Table 5.  Effect of shade environment® on earthworm population and mass®.
Samford Narayen
Bahia grass Green panic Rhodes grass
Number/m? Mass (kg/ha) Number/m? Mass (kg/ha) Number/m? Mass (kg/ha)
Full sunlight 0 0 2 3 2
Under trees 200 108
Artificial shade 48 56 137 40 27 15

4 Treatments as described in Table 1.
bR Blakemore, D.M. Wild and J.R. Wilson (unpublished data).
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ply is adequate because of fertilizer addition; (b) with
new pasture sowings when cultivation initially
releases large amounts of N (Robertson et al. 1994);
(c) if tree densities are high and thus light levels too
low, e.g. 12-15% (Robinson 1991) or water competi-
tion too high (Eastham et al. 1990); (d) if the grass
species is not a forest-margin or shade tolerant type,
e.g. buffel or spear grass (J.R.Wilson, unpublished
data); (e) if nutrients other than N are severely defi-
cient or (f) if the normal (non-shaded) environmental
conditions already favour maximum rates of organic
matter breakdown and N cycling.

In many regions of the wet tropics in Southeast
Asia, with frequent cloud and rain, air and soil sur-
face temperatures and soil water status are perhaps
always near optimum for microbial activity, litter
breakdown and N mineralisation, so a ‘shade effect’
on yield in drier environments in Australia and Africa
(Belsky et al. 1993) may not often occur.
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Cattle Production from Grazed Pastures
in North Sulawesi

D. Kaligis*, C. Sumolang*, W.W. Stiir{ and H.M. Shelton§

NORTH Sulawesi is one of the major coconut produc-
ing regions in Indonesia. Cattle graze predominantly
naturalised grasses and weeds under coconut planta-
tions. Land use pressure is relatively low and the
coconut understorey is currently underutilised. About
200 000 ha of coconut plantations in North Sulawesi
are suited to upgrading with improved pastures.

New markets for beef cattle have opened with the
construction of the live cattle export facility at Lolak
(250 km south of Manado). With stcadily increasing
beef prices, the future for the fledgling beef cattle
industry is bright. A major limitation to the industry’s
development is the poor continuity and low liveweight
gains from the naturalised pastures that form the basic
feed for cattle. ‘Best-bet’ improved forage species
suitable for grazing under coconuts were suggested by
Kaligis and Sumolang (1991). Three grass—legume
pasture mixtures were selected from these best-bet
species and evaluated for stability and animal produc-
tion potential under continuous grazing. This paper
reports the interim results from this grazing trial.

Materials and Methods

The trial was sited on the privately owned Amalia
Estate, Lolak, south of Manado. Edaphoclimatic infor-
mation is reported by Kaligis and Sumolang (1991).

Treatments and experimental design

Cattle liveweight gain and pasture stability in terms
of persistence, grass-legume balance and weed inva-
sion were assessed for one naturalised and three
improved pasture treatments under mature coconuts (10
x 10 m spacings, 70% estimated light transmission).

* Sam Ratulangi University, Fakultas Peternakan, Manado,

95115, Sulut, Indonesia.

CIAT, Tropical Forages Program (Southeast Asia),

¢/- IRRI, PO Box 933, 1099 Manila, Philippines.
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Treatment areas of 1 ha each were established in
February 1992 (Table 1). Individual cattle within
treatments were regarded as replications. A core
stocking rate of 3 head/treatment was maintained
throughout the experiment.

Pasture establishment

Improved pasture paddocks were prepared by
spraying existing vegetation with glyphosate (360g/
L) at 1 L/ha. Dead material was removed before
ploughing and harrowing. Paspalum notatum and
Brachiaria decumbens were established from seed
at 5 kg/ha. Legumes were sown in alternate rows 25
cm apart at 5 and 15 kg/ha for Centrosema pubes-
cens (centro) and Arachis pintoi cv. Amarillo
respectively.

Fifty kg/ha potassium (K) was applied (as muriate
of potash) during establishment and another 50 kg/ha
K and 20 kg/ha phosphorus (as superphosphate) was
applied at the start of grazing to address nutrient defi-
ciencies indicated by soil analysis.

During the establishment period, the plots were
weeded to remove unsown species. Subsequent
weeding was performed periodically and the time
taken to weed each treatment was recorded.

Grazing

Grazing commenced in January 1993 when all pas-
tures were well established. Stocking rate was
adjusted for each treatment to maintain a sward
height of 5-10 cm for the high stocking pressure
treatments (1, 2 and 3) and 10-15 cm for treatment 4.
A core of 3 head/ha was maintained in all treatments
throughout the experiment.

Cattle

Local Brahmin/Ongole crossbred cattle were vac-
cinated with 6-in-1 vaccine and drenched to control
intestinal parasites every six months. All cattle had
access to water and salt-based mineral blocks.



Measurements

The liveweights of cattle were recorded monthly.
Estimates of presentation yield and botanical compo-
sition were performed using the Botanal technique
(Tothill et al. 1992) at the start of the experiment and
then every three months.

Results and Discussion

Individual liveweight gains were comparable to those
cited in the literature (Smith and Whiteman 1983;
Reynolds 1988) for all treatments (Table 1). High
stocking rates were sustained throughout the experi-
ment and this no doubt contributed to the relatively
low liveweight gains achieved. The genetic potential
of the crossbred cattle used was unknown but may
also have limited liveweight gain.

The Brachiaria decumbens cv. Basilisk (signal
grass) treatment established rapidly from seed to pro-
duce a vigorous, weed-free pasture. A reasonable leg-
ume component (> 10%) was maintained with centro
establishing very well initially. With grazing, the
contribution to DM of centro declined whereas that of
Amarillo increased. Amarillo grew well where the
signal grass sward had thinned from heavy grazing
and under patches of weeds. Together with the natu-
ralised legumes Mimosa pudica and Desmodium het-
erocarpon, these legumes maintained a satisfactory
legume component (Table 1).

The signal grass treatment produced the highest cat-
tle liveweight gains (LWG) over the 18-month period
(Table 1), although LWGs were not as high as for sim-
ilar pastures elsewhere (Macfarlane et al. 1994), Fac-
tors limiting high LWGs in this trial included the high
stocking rate (4.2 head/ha) and the low rainfall experi-
enced in 1994. Cassia tora steadily invaded the pasture
along with a range of other weed species, including
Stachytarpheta urticifolia and Sida wurens. It was
apparent that at this high stocking rate the pasture
would soon succumb to weed invasion (Table 1).

The vegetatively planted Stenotaphrum secundatum
(buffalo grass) established a complete, weed-free
cover very rapidly. Amarillo established well initially,
however grazing of this treatment was delayed while
other treatments were establishing and much of the
Amarillo failed to persist in the vigorous grass sward.
At the commencement of grazing the legume content
was negligible (Table 1).

LWGs from the buffalo grass treatment were
acceptable in year | but poor in year 2 (Table 1). The
pasture maintained a weed free sward at a high stock-
ing rate (3.8 head/ha). Similar results were reported by
B.F. Mullen and H.M. Shelton (unpublished data) and
it was suggested that acceptable cattle LWGs would
only be achieved at low stocking rates or in combina-
tion with persistent high quality legumes.

Paspalum notatum established poorly from seed
and spread very slowly. The naturalised Axonopus
compressus dominated the grass fraction of this treat-
ment during year 1. Amarillo and centro established
vigorously and this treatment became legume domi-
nated. LWGs were similar to those achieved from
buffalo grass (Table 1). However, weed invasion,
dominated by C. tora, increased dramatically in year
2. P. notatum established in patches and these patches
formed a weed free sward that resisted legume asso-
ciation. Amarillo persisted well even as the pasture
became more weed infested.

The native pasture control treatment maintained a
very high legume content of naturalised legumes ini-
tially, including C. pubescens, Pueraria phaseoloides,
M. pudica and D. heterocarpon. The A. compressus
grass component was not vigorous and was quickly
over-run firstly by legumes and then by weeds. Live-
weight gains were superior to buffalo grass LWGs in
year 1 but as the legume content dropped and as
unpalatable wceds began to dominate the pasture in
year 2, LWGs declined substantially. C. tora was
again the dominant weed in this treatment.

Table 1. Liveweight gains from and botanical composition of grazed pasture treatments in North Sulawesi.

Treatment Liveweight gain Botanical composition

(kg/head/day) Legume content (%) Weed content (%)
July 93 May 94  Sept.94  July 93 May 94  Sept. 94

1. Naturalised pasture 0.30 20 20 10 60 75 80

2. Paspalum notatum cv. 0.35 25 25 18 25 50 50
Competidor + legumes®

3. Stenotaphrum secundatum 0.25 2 3 3 0 4 5
Vanuatu + legumes

4. Brachiaria decumbens cv. 0.42 30 11 15 5 10 25

Basilisk + legumes

4 Arachis pintoi cv. Amarillo + Centrosema pubescens.
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Conclusions

LWGs from the signal grass treatment were superior
to other treatments, however the treatment was
becoming increasingly weed infested at the high
stocking rate used. P. noratum established poorly
from seed and although LWGs were initially satisfac-
tory, the pasture had succumbed to severe weed inva-
sion. LWGs from the native pasture control were
initially satisfactory but declined dramatically as the
treatment became weed infested. Only the buffalo
grass pasture maintained a weed tree sward. Unfortu-
nately LWGs were poor as legumes failed to persist.
The introduction of a tree legume component, such as
Leucaena leucocephala, may successfully add nutri-
tive quality to the stable buffalo grass sward and pro-
duce the higher LWGs required by the market.
Alternatively, carcful management of signal grass—
legume pastures would also provide satisfactory
LWGs.
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Pasture Establishment and Grazing Management in Bali:
Observations from the Pulukan Grazing Trial

LK. Rika*, I.N. Kaca*, W.W, Stiir{ and B.F. Mullen§

IN 1992, a cattle grazing trial was set up at the Bali
Cattle Genetic Improvement Project, Pulukan, Bali.
The trial aims were to assess the productivity of cattle
grazing native and ‘best-bet’ sown pastures under
coconuts and to evaluate the performance of these pas-
tures for persistence, grass—legume balance and sus-
ceptibility to weed invasion. Poor control over
livestock management caused the trial to be terminated
prematurely. However, important information regard-
ing pasture establishment and the tolerance of pasture
species to heavy grazing pressure was recorded,
together with some preliminary animal production
data. This information is presented in this paper.

Pasture Establishment

Four pasture treatments, including three sown treat-
ments and a native pasture control (Table 1), were
planted in January 1992. Seeded species, Paspalum
notatum and Arachis pintoi cv. Amarillo, had to be
resown in March because of poor establishment
related to low seed quality. Ground preparation had
been thorough and soil moisture was adequate at
planting. Seed of Amarillo is fragile, and loses viabil-
ity rapidly under poor storage conditions (B.F. Mul-
len, pers. comm.). Poor establishment of P. notarum
was also found in Malaysia (T. Ismail, pers. comm.)
and in North Sulawesi (Kaligis and Sumolang, these
proceedings). Both species were replanted from veg-
etative material and established well. P. notatum
spread very slowly however.

Stenotaphrum secundatum (buffalo grass) estab-
lished well from cuttings and spread rapidly. Ideally
buffalo grass cuttings should be planted ina 1 m x 1
m grid pattern, however, insufficient planting mate-
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rial was available and the spacing had to be widened
to approximately 1.5 m. This factor, in combination
with poor control over grazing by cattle prevented the
buffalo grass from forming a full cover. The Floratam
cultivar was also found to be slower to spread in com-
parison with the Vanuatu ecotype.

Calliandra calothyrsus established well from seed-
lings and grew to an average height of 2.3 m 13
months after planting. A density of 800 stems/ha
were established.

Initial Animal Production

Animal production was recorded over the first four
months of the trial. All paddocks were stocked with 3
head/ha Bali cattle (Bos banteng). The calliandra
treatment proved to be the most productive with aver-
age daily gains of 0.33 kg/hd. Buffalo grass, P.
notatum and native pasture treatments produced aver-
age daily gains of 0.3, 0.29 and 0.16 kg/hd/day
respectively.

Persistence Under Heavy Grazing

As stock control deteriorated, the pastures became
increasingly heavily grazed. Calliandra proved to be
totally intolerant of this treatment and within two
years of the commencement of the trial every plant
was dead. As cattle grazed, layers of bark and cam-
bium were stripped down the stem (Fig. 1). Though
never more than 50% of bark was removed, trees died
in the following months. It is unlikely that Leucaena
leucocephala subjected to a similar treatment would
have experienced such mortality, considering that the
plants were thoroughly established with an average
height of 2.3 m. Partial mortality of calliandra was
also reported in North Sulawesi where grazing pres-
sure was well regulated (D.A. Kaligis, pers. comm.).
Calliandra is utilised as a cut-and-carry feed in Bali
and it appears to be better suited to cutting rather than
to direct grazing.

Amarillo persisted very well and spread into adja-
cent paddocks. Buffalo grass was selectively grazed



to 2 to S cm in height but continued to persist and
spread slowly. P. notatum also persisted very well
being less heavily grazed by stock. Its spread has
been very slow as reported elsewhere (Kaligis and
Sumolang, these proceedings).

Although the trial yielded relatively little animal
production data it did provide important information

Table 1.

regarding the persistence of forage species to heavy
grazing pressure. The ability of Floratam buffalo
grass to persist and even spread under heavy grazing,
and the apparent inability of C. calothyrsus to tolerate
mechanical damage imposed through heavy grazing
were of particular interest.

Pasture treatments. planting method and contribution 10 dry matter (DM) by fraction 13 months after planting.

Pasture treatment Planting method

Contribution to DM (%)

Initial Replant Planted  Planted Native Native  Imperata Other
arass legume grass legume weeds

Native pasture - - - - 16 15 60 9
P. notatum cv. Competidor Seed Cuttings 13 25 26 23 8 5
A. pintoi cv. Amarillo Seed Cuttings
S. secundatum cv. Floratam Cuttings - 26 19 12 27 10 6
A. pintoi cv. Amarillo Seed Cuttings
P. notatum cv. Competidor Seed Cuttings 2 55 14 16 7 6
Caliandra calothyrsus Seedlings -

Figure 1.
removed.

Grazing damage to Calliandra calothyrsus by cattle. Tree mortality occurred although less than 50% of bark was



Sheep Production by Transmigrant Farmers in a
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Transmigration Schemes in Indonesia

THE Government of the Republic of Indonesia has
implemented transmigration programs during the past
40 years in an effort to reduce population pressure in
Java and Bali. Transmigration programs can be
divided into two groups: general and specific. In the
general scheme, transmigrant farmers are granted 0.5
ha of land ready for planting food crops plus 2 ha of
land requiring extra work to make it into a productive
farming area. In the specific scheme, farmers are
granted 0.5 ha of land ready for planting food crops
plus an additional 2 ha of plantation land in the form
of a loan. Both groups receive a living allowance for
one year after transmigration.

Sheep Integration into Oil Palm
Plantations

The transmigration area at Sosa II, 96 km from Padand
Sidempuan, the capital city of South Tapanuli, North
Sumatra, is based on the specific scheme where each
transmigrant received 2 ha of oil palm plantation and
0.5 ha land for food crops. In 1992, there were 500
families at this site earning an average income of about
Rp. 3000000/family/month (around US$136), mainly
from oil palm production. However, while the oil palm
is immature, incomes can be low. To address this
problem, the Department of Transmigration requested
that the Research Institution for Animal Production
(Sub Balai Penelitian Ternak (SBPT) Sei Putih) inves-
tigate integrated animal production as a source of addi-
tional income for the farmers. The monthly income of
these farmers before the introduction of animals was
about US$29.00 (Anonymous, 1993).

Sheep were chosen by SBPT Sei Putih as a suitable
animal for the location because of their ease of man-

* Sub Balai Penelitian Ternak Sei Putih, PO Box 1 Galang,
Sumut, Indonesia.
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agement compared with other ruminants and their rel-
atively rapid rate of reproduction. Manure, which can
be easily used as an organic fertilizer for the food
crop lands, was seen as an additional benefit. Sub-
stantial quantities of native forages were available in
nearby oil palm plantations which could be supple-
mented with introduced forage species.

The aims of the involvement by SBPT Sei Putih
were to diversify the farming system of the transmi-
grants and to increase farm income and man power
utilisation through on-farm research. This paper
reports the results of the scheme set up by SBPT at
Sosa II, in which sheep production has become a
profitable and sustainable activity in addition to crop-
ping and plantation production.

The SBPT Sheep Integration Scheme

The area is typified by flat topography, with an alti-
tude of 110 m and rainfall of 2500 mm per year, of
which 70% falls between October and April. The
average temperature is 24°C. The soil is classified as
a moderately acidic (pH 5) podzolic.

The scheme was started in March 1993 and
involved 80 farmers. In the following financial year,
an additional 40 farmers were included. Farmers
were selected following an interview to assess their
motivation for becoming involved in the scheme.

These original farmers were given credit consisting of:
+ A barn measuring 2m X 3m,

» Five ewes, which became their own,
+ One hair sheep crossbred ram, which was on loan.

The credit packet had to be repaid in the form of 10
ewes (each weighing more than 14 kg) and | ram
(weighing more than 18 kg) within three years. These
animals were then distributed to other farmers wish-
ing to join the scheme. In this way, it was envisaged
that the sheep population would expand rapidly.
Rams were loaned rather than given to make it easier
to rotate rams between farmers annually to avoid in-
breeding.



Each farmer was given free of charge, anthelmintic
and mineral blocks, as these were considered to be
essential for the success of the scheme. As the impor-
tance of these products become known to farmers, it
is hoped that they will purchase them from their local
animal health extension officers. Since the scheme
commenced, there has been regular recording of live-
weights, births, deaths and sales of animals.

All farmers participating in the scheme feed their
animals using cut forages from the nearby planta-
tions. However, farmers were also asked to plant 0.1
ha of Paspalum dilatatum and Paraserianthes falcat-
aria (formerly Albizia falcataria) to supplement these
cut forages. All planting materials were supplied by
SBPT.

Initial Sheep Production at Sosa II

Since the scheme began, the number of farmers has
increased to 168; an increase of 40% above the origi-
nal number of credit recipicnts (Table 1). The popula-
tion of ewes in year 1 was reduced by 19 animals due
to deaths following transportation to Sosa II from
Sungei Putih. By July 1994, the number of adult ewes
had increased by 31% and adult rams by 177%. The
total number of lambs born since the beginning of the
scheme was 1116. From the original number of credit
animals given, the total sheep population in July 1994
had increased by 240%.

Table 1. Growth of farmer numbers and sheep population.
Year O Year 1*  Year 2P
1992-93  1993-94  1994-95
Number of farmers 80 120 168
Number of animals
Ewes:
Adult 400 581 979
Lamb 0 329 588
Rams:
Adult 80 120 333
Lamb 0 290 528
Total 480 1320 2428
Predicted number of 480 1120 2280

sheep

4 New additional packets (40 farmers); b until July 1994

The average birthweight of lambs is presented in
Table 2. A slightly higher litter size of 1.5 for local
Sumatran and 1.8 for a crossbred Sumatran x Garut
was reported by Pitono et al. (1992). The distribution
of birth types was 75%, 19% and 6% for singles,
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twins and triplets respectively. The highest mortality
occurred in triplets. This was expected since the com-
petition between lambs during pregnancy and milk-
ing periods affected the survival rate (Donald and
Russel 1970; Fitzhugh and Bradford 1983). Average
preweaning mortality was less than 5%, which is
markedly lower than for experimental flock at Sungei
Putih where preweaning mortality averages 22%. The
average daily gain of lambs postweaning was 50-60
g/head/day, without any form of supplementation.
The very low mortality rate and reasonable postwean-
ing growth rates can be partly attributed to good care
of young lambs and partly to very low worm burdens
as a result of regular drenching and the feeding of
cut-and-carry forage only. Measurements made in
February 1994, showed that three-quarters of all ani-
mals had a low level of worm infection.

Using the assumptions of a lambing interval of 8
months, litter size of 1.3 lambs and a total mortality
of 10%, the numbers of sheep can be predicted. New
ewes were mated at 9 months old. Predicted numbers
of sheep were lower than actual numbers (Table 1),
because of the low rate of mortality during the pre-
and postweaning periods (Table 2).

Using the above assumptions, the total sheep num-
bers per farmer in March 1995 could be predicted to
be 28 head, consisting of 6 original animals and 22
head of their generation. From these 22 sheep, 11
sheep would be taken for payment of credit. Each
farmer would then have a flock of 17 sheep consist-
ing of: one ram; five 2-month pregnant ewes; three 4-
month pregnant ewes; two 4-month lamb ewes; three
2-month lamb ewes; and three 2-month lamb rams.

It was predicted that by March 1996, the farmer
would be able to sell 24 sheep equivalent to a net
monthly income of US$40, (Table 3) while maintain-
ing the same flock size of 17. The composition of the
flock would remain as shown in March 1995 figures.
Annual sales and income would increase slightly by
March 1997 (Table 3).

Since the scheme began, there has been a demand
from farmers wishing to join the scheme.

Future Plans For The Scheme

The rapid expansion of sheep numbers since this first
scheme commenced, along with the generally high-
level of enthusiasm shown by farmers for the concept
of sheep credit packets, has resulted in plans for simi-
lar schemes to be developed in adjacent transmigra-
tion areas. (Sosa IIf a and b, IV, V and VI).

These new schemes will involve an on-farm
research component investigating the use of forage
tree legumes, and locally available byproducts of
agriculture and industry as feed supplements.

Lack of medical and mineral supplies available at
the location will be one of the future problems as will



Table 2.

Lamb population, average birthweight, average liveweight gain, and mortality between March 1993 and March 1994.

Total lambs Average bodyweight Average liveweight gain Mortality
(kg) g/hd/day) No. %

Newbom:

Female 329 1.7 - 5 1.5

Male 290 1.8 - 4 1.4
Birth type:

Single 369 20 - 0 0

Twins 182 1.7 - | 0.6

Triplets 78 1.3 - 8 10.3
Weaners:

Female 324 8.2 51 6 1.9

Male 286 8.8 5 1.8
Table 3. Predicted returns in number of sheep and US$ transmigration in which farmers would be given 2.0

for each farmer starting at the end of the third
year (March 1995).

March  March March  March
1995 1996 1997 1998
Total (head) 17 41 45 45
Sold = 24 28 28
Price/head 23 23 23
Gross income 546 636 636
Expenditures)? 65 68 68
Net income/year 480 568 568
Net income/month 40 47 47

*Expenditures including mineral blocks, fertilizers, medical
supplies and repairs of barn.

the problem of rotation of rams. It has been suggested
that the farmers form a cooperative specifically for
sheep farmers (Koperasi Ternak). All supplies
required will then be organised by this Koperasi Ter-
nak while the local extension office would provide
advice on animal health problems.

The success of the scheme at Sosa II has led the
Department of Transmigration to propose a new form of
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hectares of land for production of forages and crops
together with 25 ewes and 2 rams. The scheme is locally
called ‘TIRNAK’ (animal production as the main
source of income), and is still in the conceptual stage.
However 150 packages are being planned to evaluate
the potential income from this form of transmigrant
scheme.
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Sheep Under Rubber: Prospects and Research
Priorities in Indonesia

P. M. Horne*, K. R. Pondt and L. P. Batubara*

THE potential benefits and constraints of sheep pro-
duction in rubber plantations have been discussed
elsewhere (Iniguez and Sanchez, 1991; Shelton and
Stiir 1991; Sivaraj et al. 1993). Sheep are the most
suitable animals for grazing in rubber plantations,
being easier than goats to manage in small or large
flocks and having little or no effect on plantation
production (Home et al. 1994a). Local sheep breeds
in Indonesia are reasonably productive, relatively
disease-resistant and well adapted to the agrocli-
mate of the region. For these reasons, collaborative
research between the Indonesian Animal Husbandry
Research Institute at Sungai Putih (SBPT-SP) and
the Small Ruminant Collaborative Research Support
Program (SR-CRSP) was started in 1984 to develop
technologies for integrated sheep-rubber production
systems. A sheep flock was located at Sungai Putih
in North Sumatra (3°N, annual rainfall 1830 mm) as
the focus for research on breeding, feed resources
and nutrition, socioeconomics and animal health.
This paper summarises the main findings of the
research and highlights key future research priori-
ties. Unless otherwise stated, all research cited in
the paper relates to experiments conducted by SR—
CRSP at Sungai Putih.

Feed Resources and Nutrition
Research

Sheep—rubber integration systems aim to utilise exist-
ing or potential forage resources in rubber planta-
tions. Forages form the basic feed for both extensive
(commercial) and intensive (smallholder and com-
mercial) production systems. Native forages in plan-
tations however, have limited potential for animal
production (Chong et al. unpublished data) SR-
CRSP research on feed resources and nutrition has

* SR-CRSP, SBPT Sungai Putih, PO Box 1, Galang 20585,
North Sumatra, Indonesia
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been based on improving the forage resource in rub-
ber plantations, and on the use of agroindustrial by-
product supplements to alleviate dietary protein,
energy and mincral deficiencies.

Native forages

The common native forages of mature rubber plan-
tations in North Sumatra, including the grasses Cyr-
tococcum oxyphyllum, Ottochloa nodosa, Paspalum
conjugatum, Setaria palmiflora and Axonopus com-
pressus, and the torb Mikania cordata, have adequate
crude protein levels (>12%) and low-to-moderate in
vitro dry matter digestibilities. As a result, moderate
growth rates of unsupplemented weaned lambs at low
stocking rates of 40-90g/head/day have been
achieved in North Sumatra from these forages, both
from flocks on large plantations and from flocks in
villages (Sanchez 1991; Verwilghen et al. 1992).
However, the very low productivity of native forages
in mature plantations, results in low sustainable
stocking rates of 2—4 ewes/ha (Chong et al. unpub-
lished data). To satisfy intake requirements sheep
need either longer grazing times or additional barn
feed. Eight hour’s grazing time per day is generally
required to satisfy the dry matter intake requirements
of sheep grazing in mature rubber plantations.

Improved forages for young rubber

In young plantations, there is significant potential to
increase stocking rates by replacing traditional cover
crops (which yield only 5-7 t DM/ha/year) with
improved forages (with the potential to produce 12-15t
DM/ha/year). From a small sward, evaluation of mono-
cultures and mixtures of 22 grasses and legumes was
conducted from 1988 until 1992. The most productive
and persistent accessions in the shaded conditions of
semi-closed rubber canopies were Brachiaria humidi-
cola cv. Tully, Panicum maximum cv. Hamil and Sry-
losanthes guianensis cv. Cook. These accessions, along
with the more recent introductions, Paspalum notatum
cv. Competidor and the legumes Arachis pintoi cv.
Amarillo and Stylosanthes guianensis CIAT 184 have





